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It is our purpose to present the results of a clinical and pathologic 
study of 227 cases of papilloma of the breast and to emphasize particu- 
larly the fact that discharge from the nipple, of any nature whatsoever, 
was found to be of great significance. We are aware that this view is 
not in accord with that of at least one great authority on the subject. 
Views change as evidence accumulates, however, and we believe that 


benefit will accrue from publication of our data. Our material is pre- 
sented mainly in the accompanying table. The percentages in this table 
are carried out to one decimal place; when it is necessary to repeat them 
in the text they are given only in whole numbers. 


BENIGN PAPILLOMA 


The average age of the 109 patients with benign papilloma was 46 
years; the youngest was 19 and the oldest 78 years of age. All but 1 
of the patients were women ; 80 per cent of the women had been married. 
A family history of carcinoma was related by 19 per cent of the patients. 
Medical advice had been obtained by 29 per cent before they were seen 
at the clinic. Previous surgical treatment of the breast had been given 
to 5 per cent, two thirds of whom had undergone local excision of a 
lesion the exact nature of which was not known. The remaining third 
of this 5 per cent of patients, because of carcinoma graded 3 or 4, had 
submitted to previous radical amputation of the breast other than the 
one under consideration in this study. The patients had recognized that 
an abnormal condition of the breast existed for an average of a year 


From the Division of Surgery, the Mayo Clinic. 

1. Bloodgood, J. C.: The Changing Clinical Picture of Lesions of the Breast, 
Am. J. M. Sc. 179:27-47 (Jan.) 1930; Benign Lesions of Female Breast for 
Which Operation Is Not Indicated, J. A. M. A. 78:859-863 (March 25) 1922. 
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and a half before they visited the clinic. The chief complaint of &7 
per cent on admission concerned the breast. The complaint of 81 per 
cent was specifically of discharge from the nipple; this discharge was 
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* By “same breast” is meant the breast concerned in the study reported here: by “other 
breast” is meant the breast other than the one concerned in the study reported here. 


serous, hemorrhagic or serohemorrhagic in about an equal number of 
instances. As can be seen in the table, the character of the discharge, 
as compared with that observed in the group in which malignant lesions 
were found, was not an indication of the malignancy or benignancy of 
the lesion. Discharge from the nipple had been present on the average 
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for a year and four months. In only 28 per cent of cases was a tumor 
palpable. Simple mastectomy was done in 83 per cent of cases; local 
excision in 6 per cent, and radical mastectomy in 1 case. The patient 
in this solitary case was one of those who had previously undergone a 
similar procedure on the other breast. Any other procedure employed 
is listed in the table. 

MALIGNANT PAPILLOMA 


The average age of the 118 patients with malignant papilloma was 
47 years; the youngest was 19 and the oldest 87 years of age. All but 


— |) 


nuttin 


Fig. 1—Cross section of the nipple and the adjacent tissue of the breast. The 


nipple is at the left; the arrow points to several dilated ducts filled with the 
papillary tumor. 


| of the patients were women. Ejighty-eight per cent had been married. 
The man in this group had had a serous discharge from the nipple for 
seven months, which was not associated with a palpable tumor. On 
examination he was found to have a carcinomatous papilloma of grade 3. 
A family history of carcinoma was related by 24 per cent of the patients, 
slightly more than in the preceding group. Medical advice had been 
obtained by 39 per cent before they came to the clinic. Fourteen per 
cent had submitted to previous surgical treatment of the breast, some- 





206 ARCHIVES OF SURGERY 


what more than half of whom had undergone local excision of a lesion 
the exact nature of which was not known. Slightly more than a sixth oj 
this 14 per cent had submitted to simple mastectomy and slightly less 
than a fourth to radical mastectomy. The patients had recognized that 
an abnormal condition of the breast existed for an average of two and a 
fourth years before they were examined at the clinic. The chief com- 
plaint of 91 per cent on admission concerned the breast, whereas the 
chief complaint of 9.3 per cent was referable to some other organ. 





Fig. 2.—Papillary adenocarcinoma, grade 1 (x 90). 


Seventy-four per cent of patients complained of discharge from the 
nipple, and, as was noted of those with benign tumor, the discharge 
was serous, hemorrhagic or serohemorrhagic in an almost equal number 
of instances. Discharge from the nipple had been present for an aver- 
age of a year and three fourths. Slightly more than half of the patients 
had palpable tumors, and slightly less than half (52, or 44 per cent) 
had noted a discharge in the absence of a palpable tumor. Of these 52 
patients, the tumors of 44 were classified by the pathologist as papillary 
adenocarcinoma grade 1 (figs. 1 and 2), those of 7 as grade 2 and that 
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of 1 as grade 3. Simple mastectomy was performed on 46 per cent of 
the 118 patients and radical mastectomy on 53 per cent. One patient 
was subjected to local excision only, but radical mastectomy was done 
later. The lesion occurred more than twice as frequently in the left 
as in the right breast. Carcinoma of grade 1 and of grade 2 was found, 
respectively, in 69 and 28 per cent of cases, and papillary adenocarcinoma 
of grade 3 and of grade 4 each was found in 2 per cent. The lymph 
nodes of only 3 per cent of patients were involved. 

Forty-six per cent of patients with malignant papillomas received 
postoperative roentgen therapy. Fourteen per cent returned for further 
surgical treatment of the breast. Half of these underwent simple ampu- 
tation, and slightly less than half underwent radical amputation of the 
breast other than the one which had been the site of neoplasm at the time 
of the patient’s previous visit to the clinic; 1 patient was subjected to 
local excision of cutaneous nodules and axillary lymph nodes. There 
were no deaths in the hospital, but 3 patients died as a result of recurrence 
or metastasis of the malignant lesion. All of these had undergone 
radical mastectomy primarily. One patient, who had carcinoma of 
grade 1, died three years after operation; 1 died a year after operation 
on the second breast for carcinoma of grade 3, and 1 died nine years 
after the first operation, from carcinoma of grade 4, which affected the 
breast other than the first one involved. 


COMMENT 


Much confusion and difference of opinion have resulted from the 
vast number of papers written on the subject of discharge from the 
nipples. Many physicians still maintain the belief that discharge from 
the nipple in the absence of a demonstrable tumor may be of slight con- 
cern or can be disregarded. From a study of the clinical records, we 
have been impressed by the fact that many patients with discharge from 
the breast have been advised to do nothing about it, to use local applica- 
tions, to “watch the discharge” or to report for periodic examinations ; 
only infrequently has surgical treatment been advised. There seems to 
be general agreement among physicians that discharge from the nipple 
when a tumor is present is significant; in most instances biopsy of the 
lesion is advised. We wish to emphasize that in 48 per cent of our 
series of patients with malignant papillomas no tumor was demonstrable. 
No tumors were palpable in 60 per cent of all patients with malignant 
papillomas who had experienced discharge from the nipple. 

In view of the evident difference of opinion that exists regarding 
the significance of papillomas of a low grade of malignancy that occur 
in the breast, this communication was submitted to Dr. W. C. MacCarty 
and to Dr. A. C. Broders for comment. Dr. MacCarty referred us to 
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an article by him? in which he discussed pathologic considerations of 
lesions of the mammary gland and in a personal communication made 
the following comment : 

I have never seen a breast with serous or bloody discharge in which, at opera- 
tion, I did not find a papilloma, frequently more than one. These are not necessarily 
palpable. Some of the papillomata are definitely histologically and cytologically 
malignant. The great clinical difficulty is to find out which breast with a discharge 
contains a benign papilloma and which a malignant papilloma. The differential 
diagnosis must be made with a microscope. In my opinion, a breast with con- 
tinued serous or bloody discharge should be removed as a simple mastectomy. 
If the lesion is found to be histologically and cytologically malignant, a complete 
operation should be performed. I believe your conclusions in the paper are con- 
servative and justifiable. 

Dr. Broders responded as follows: “Dr. McDonald and I have gone 
over this paper very carefully. We are of the opinion that your con- 
clusions are fundamentally sound.” 

In the light of such evidence, therefore, we feel that it is imperative 
that discharge from the nipple, regardless of its character and regardless 
of whether a tumor is demonstrable, be given serious consideration and 
that in most instances surgical treatment be advised, in order that the 
exact nature of the lesion may be determined. 


2. MacCarty, W. C.: The Mammary Gland: Pathological Considerations, 
in Piersol, G. M., and Bortz, E. L.: The Cyclopedia of Medicine, Surgery and 
Specialties, Philadelphia, F. A. Davis Company, 1939, pp. 523-543. 
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CARCINOMA OF THE LUNG 


ALTON OCHSNER, M.D. 
AND 


MICHAEL DeBAKEY, M.D. 
NEW ORLEANS 


Until relatively recently the diagnosis of cancer of the lung inevitably 
signified a rapidly tragic outcome. Within the past six years, however, 
many patients with pulmonary malignant tumor have been spared this 
death sentence by the successful removal of the cancerous lung. Of even 
greater importance is the increasing incidence of such survivals. The 
successes in the earlier cases were few because of late diagnoses and also 
because preoperative preparation, anesthesia and operative technic were 
inadequately developed. Recently, because of early diagnoses as well as 
improvement in surgical management, the prognosis of pulmonary car- 
cinoma has become relatively favorable. 


INCIDENCE 


Until relatively recently carcinoma of the lung was considered infre- 
quent. Adler collected 374 cases of carcinoma of the lung in 1912 and 
stated: “On one point, however, there is nearly complete consensus of 
opinion and that is that primary malignant neoplasms of the lung are 
among the rarest forms of disease.” Whereas this opinion may have been 
justified in 1912, statistical facts indicate an antithetic point of view today. 
Carcinoma of the lung at present is second in incidence to carcinoma of 
the stomach, as is evidenced by the reports of Brines and Kenning and 
Koletsky. In both of these reports the conclusions were based on 
autopsy series and are, therefore, absolute and not relative. Brines and 
Kenning found that among 936 patients admitted to the tumor clinic 
carcinoma of the lung was fourth, being preceded by carcinoma of the 
stomach, of the uterine cervix and of the breast. These, however, were 
clinical series and were less accurate than the autopsy series. Koletsky 
observed that the lung ranked second only to the stomach as the primary 
site of carcinoma in 7,685 consecutive cases studied post mortem. Kikuth 


similarly found that of the sites affected by carcinoma the lung was 
second. 


From the Department of Surgery, School of Medicine, Tulane University. 
Presented at the International Cancer Congress, Atlantic City, Sept. 13, 1939. 
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Although there is considerable controversy concerning the increased 
incidence of carcinoma of the lung, many believing that the increase is 
apparent and not real, there can be no question from the reported autopsy 
statistics that the incidence of carcinoma of the lung is absolutely increas- 
ing. Weller found that of the first 1,000 autopsies at the University of 
Michigan Hospital carcinoma of the lung occurred in 0.1 per cent. In the 
second thousand autopsies the incident was 0.5 per cent, and for 450 
cases in the third thousand the incidence was 0.8 per cent. Assmann 
found that in the department of pathology of the University of Leipzig 
the incidence of carcinoma of the lung in all autopsies from 1900 to 
1906 was 0.67 per cent and that 5.01 per cent of all carcinomas were 
pulmonary. From 1919 to 1922 the pulmonary malignant tumor was 
observed in 1.54 per cent of all autopsies and the incidence of carcinoma 
of the lung was 9.17 per cent of all carcinomas. Holzer obtained similar 
figures, which, however, are even more significant. From 1895 to 1904 
the percentage of carcinoma of the lung in all autopsies was 0.7, and the 
incidence of carcinoma of the lung was 1.04 per cent of all carcinomas. 
From 1905 to 1914 these percentages were 0.19 per cent and 2.36 per cent 
respectively. From 1915 to 1924 these corresponding figures were 0.47 
per cent and 6.69 per cent respectively. Somewhat similar increases in 
the incidence of bronchogenic carcinoma have been reported by numerous 
others. The relatively greater increase in the incidence of pulmonary 
carcinoma is shown by Rosahn’s collected series of cases. Whereas the 
incidence of carcinoma in all autopsies increased from 10.27 per cent in 
the period 1910 to 1919 to 12 per cent in the period 1920 to 1928, the 
incidence of pulmonary carcinoma in all postmortem examinations 
increased from 0.44 per cent to 0.89 per cent in these respective periods. 
Thus, the incidence of carcinoma of the lung in all autopsies doubled in 
this period, whereas the increase in the incidence of all carcinoma in all 
autopsies was relatively slight. Similar figures were shown by the sta- 
tistics from the Dresden City Hospital. Reinhard reported the autopsies 
in this institution from 1852 to 1856 and found that the percentage of 
pulmonary carcinomas in all autopsies was 0.057, 0.92 per cent of 
all carcinomas. During the period 1877 to 1894 Wolf found that the 
percentage of cancer of the lung in all autopsies had increased to 0.351. 
Rau reported the autopsies from 1909 to 1914, noting an incidence of 
pulmonary carcinoma of 2.72 per cent of ali carcinomas and an incidence 
of 4.66 per cent in the series examined from 1914 to 1919. Thus, the 
incidence of carcinoma of the lung as based on all malignant tumors 
observed in postmortem examinations at the same institution had 


1. Berblinger; Biberfeld; Brandt; Ferenczy and Matolcsy; Hauf; Hueck; 
Junghanns ; Kiihn; Materna; Maxwell and Nicholson; Probst; Seyfarth S.; Simp- 
son; Sonnenfeld; von Glahn; Wahl; Zalka. 
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increased fivefold during a sixty-seven year period. Olson, in reporting 
the cases of carcinoma of the lung from the Boston City Hospital, found 
that the incidence of pulmonary carcinoma increased annually from 7.5 
per cent of all carcinomas in 1929 to 19.1 per cent in 1934. Matz found 
that in the autopsies performed in the Veterans’ Bureau Hospital the 
incidence of pulmonary carcinoma increased from 6.4 per cent of all 
carcinomas for the years 1927 to 1931 to 15.8 per cent for the years 
1932 to 1937. It is of interest, also, that in the last year, 1937, this 
incidence was 23.4 per cent. Pekelis noted an incidence of carcinoma of 
the lung of 0.87 per cent of all carcinomas for the years 1920 to 1924 
and an incidence of 2.29 per cent from 1925 to 1929. Loizaga reported 
an incidence of carcinoma of the lung of 5.18 per cent of all carcinomas 
in the autopsies of the Institute of Pathological Anatomy of the Faculty 
of Ciencies Medicus of Buenos Aires, Argentina, during the period 1898 
to 1917 and an incidence of 14.6 per cent during the years 1918 to 1937. 
The same author found that the incidence of pulmonary carcinoma in 
an autopsy series at the Francisco Janvier Hospital was 29.62 per cent 
of all carcinomas during the period 1927 to 1931 and 42.25 per cent 
from 1932 to 1937. Hoffman found that the incidence of carcinoma of 
the lung among all patients who die has increased. In 1914 this inci- 
dence showed that the number of cases of carcinoma of the lung was 
equivalent to 0.6 per cent per hundred thousand of population. In 1924 
this increased to 1.6 per cent per hundred thousand of population; in 
1925, to 1.7; in 1926, to 1.8, and in 1928, to 1.9. In this connection we 
have reviewed the mortality statistics on all persons in the United States 
who died of pulmonary malignant tumors during the period 1920 to 1936 
inclusive. It was found that there was not only an actual increase in the 
number of deaths from this cause but an annual increase in the death 
rate per hundred thousand of population (fig. 1). Staehelin found that 
the percentage of carcinoma of the lung in all autopsies increased grad- 
ually from 0.2 during the period 1900 to 1911 to 0.67 in 1924. Barron, 
at the University of Minnesota, found no cases of carcinoma of the lung 
among 1,032 autopsies from 1899 to 1911. From 1912 to 1918 the inci- 
dence of carcinoma of the lung in all autopsies was 0.19 per cent, and 
from 1919 to 1921 this incidence had increased to 0.89 per cent. More 
recent data from this institution showed the increased incidence to have 
continued. Hruby and Sweany collected a series of 185,434 autopsies 
reported during the thirty-four year period 1897 to 1930 inclusive and 
found that the incidence of cancer of the lung increased more than did 
the incidence of cancer in general. The incidence of pulmonary car- 
cinoma in the necropsies performed at the Charity Hospital in New 
Orleans has increased in the past seven years approximately five times. 
In 1931, among 635 necropsies there were 3 (0.47 per cent) carcinomas 
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of the lung. In the same period there were 15 (2.3 per cent) carcinomas 
of the stomach. In 1938, among 825 necropsies, there were 17 (2 per 
cent) carcinomas of the lung and 16 (1.9 per cent) carcinomas of the 
stomach. It is thus seen that in the Charity Hospital the relative inci- 
dence of carcinoma of the stomach has decreased but the incidence of 
carcinoma of the lung in patients coming to necropsy has increased 
approximately four times (fig. 2). 

The cause of the increasing incidence of carcinoma of the lung is not 
definite. In fact, there are many who believe that the increase is only 
apparent and not actual. Fried stated the opinion that the increased 
occurrence of pulmonary carcinoma is due to improved clinical and 
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Fig. 1—Graphic representation of the mortality from cancer of the lung in the 
United States according to vital statistics, showing not only an actual increase 
in the number of deaths but an annual increase in the death rate per hundred 
thousand of population. There was an increase in the actual number of deaths from 
956 in 1920 to 4,648 in 1936 and in the death rate per hundred thousand of popula- 
tion from 1.1 in 1920 to 3.6 in 1936. 


pathologic methods of diagnosis, increased attention to the condition 
permitting more frequent diagnoses. Whereas this might explain the 
increase in the incidence of pulmonary carcinoma seen and diagnosed 
clinically, it certainly cannot explain the definite increase in the necropsy 
series. An additional explanation given by Fried for the increase is that, 
owing to the increased life expectancy, more persons reach the “cancer 
age” than formerly. This undoubtedly may explain some of the increase 
in the incidence of pulmonary carcinoma, but it certainly cannot explain 
the disproportionate increase in carcinoma of the lung as compared with 
carcinoma elsewhere, which is exemplified by the statistics from the 
Charity Hospital and by those of Matz. Moreover, a review of the death 
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rates per hundred thousand of population of persons in the United States 
dying of malignant tumors of various organs, as shown by the mortality 
statistics of the bureau of census, reveals a relatively greater increase in 
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Fig. 2—Graphic representation of the relative incidences of gastric and pul- 
monary cancer in necropsies performed at the Charity Hospital during the eight 
year period from 1931 to 1938 inclusive. 
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Fig. 3.—Graphic representation of the relative incidences of cancer of the 
‘ung and cancer of other organs based on mortality statistics for the United States 
during the seventeen year period from 1920 to 1936 inclusive. 


the incidence of carcinoma of the lung (fig. 3). Whereas during the 
period 1920 to 1936 inclusive the incidence of carcinoma of the stomach 
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and duodenum, of the liver and gallbladder, of the uterus and of the 
skin showed little if any increase, the incidence of carcinoma of the lung 
showed a progressive rise (fig. 3). 

From the foregoing statistics it is evident that pulmonary carcinoma 
is absolutely increasing and is becoming a significant problem in the treat- 
ment of cancer. It is of significance that in the necropsies performed 
during the past year at the Charity Hospital carcinoma of the lung 
occurred more frequently than did carcinoma of the stomach and that, 
whereas the incidence of carcinoma of the stomach has remained about 
the same for the past seven years, there has been a definite and progres- 
sive increase in the incidence of carcinoma of the lung. Of interest also in 
this regard is the report of Hirsche and Halpert, who found, in reviewing 
the necropsies performed at the department of pathology of Yale Uni- 
versity during the period 1917 to 1934, that carcinoma of the lung was 
third in frequency, being preceded only by carcinoma of the stomach 
and carcinoma of the large bowel. 


ETIOLOGIC CONSIDERATIONS 


A number of theories have been advanced to explain the increase in 
pulmonary carcinoma. Winternitz, Wason and McNamara, because of 
the presence of metaplasia in the bronchial mucosa of persons dying 
from influenza, suggested that this change is a precancerous lesion. A 
similar suggestion was made previously by Askanazy, who found in 38 
of 90 patients dying of influenza “the normal columnar epithelium of 
the bronchus to be replaced by stratified squamous epithelium or that 
there occurred a metaplasia (protoplasia) of the bronchial mucosa.” 
Similarly, others ? have suggested a possible relation between the influenzal 
epidemic of 1918 and the increase in pulmonary carcinoma. Bauer and 
Meyer were among the first to report cases of carcinoma of the lung 
following grip. Berblinger and more recently Oberndorfer concluded 
that “flu” is among the principal causes of cancer of the lung. On the 
the other hand, Fried, in a series of 47 cases of carcinoma of the lung 
observed since 1918, had only 1 in which there was a history of influenza. 
He stated the belief that influenza plays little if any role in the causation 
of pulmonary carcinoma. Kikuth, in a series of 249 cases of carcinoma of 
the lung observed at autopsy, found that in only 21 was there a history 
of influenza. Koopmann, in a relatively large series of cases, found 
no evidence of metaplasia. In 139 necropsies studied by Simpson, only 
5 of the patients had had influenza preceding cancer of the lung. Krom- 
pecher found no increase in cancer of the lung due to influenza. iter 
carefully reviewing this question, Hueper concluded that there is no 
significant relation between influenza and bronchogenic carcinoma. 


2. Barron; Berblinger; Laschke; Mittasch ; Moise; Schmidtmann; Teutsch- 
laender. 
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Other chronic specific and nonspecific pulmonary infections have 
also been cited as playing possible etiologic roles in the production of 
cancer of the lung. Of these, tuberculosis is probably the most frequently 
mentioned. Ewing stated that the tubercle bacillus is an “irritating” 
agent and one of the most important etiologic factors in bronchogenic 
carcinoma. Barron and Cherry also expressed the belief that tuber- 
culosis plays a possible role in the production of these tumors. Of 31 
patients reported on by Wolf, 14 had tuberculosis. Fried recently 
reported 13 cases in which carcinoma and tuberculosis coexisted. On 
the other hand, Rokitansky long ago emphasized the rare occurrence of 
cancer and tuberculosis in the same person at necropsy, an observation 
subsequently made by others.* Of significance in this regard is the 
report by Sison and Monserrat that in the Philippines the incidence of 
carcinoma of the lung is low and that of pulmonary tuberculosis high. 
In a series of 246 patients with carcinoma of the lung, Kikuth found 
only 22 with tuberculosis. Loizaga and Vivoli found only 1 case of car- 
cinoma of the lung in 2,400 autopsies on tuberculous patients. In a 
comparison of 886 persons with active tuberculosis and a similar group 
without tuberculous involvement, Pearl found the incidence of malignant 
tumors in the former group to be 1.2 per cent, and in the latter, 9.3 per 
cent. Pearl concluded that the rarity of the two lesions in the same 
person “is apparently due to a significant antagonism between the two 
pathologic phenomena which disappears when and if the tuberculous 
process retrogresses or heals, particularly by the fibrotic route.” Similar 
observations were made by Carlson and Bell. 

Syphilis has also been recorded as a possible factor.* Letulle observed 
syphilitic changes in 6 of 11 cases. Others have also observed the coex- 
istence of these lesions.° However, there is insufficient evidence at present 
for considering syphilis of the lung a carcinogenic potentiality. 

Of the nonspecific chronic inflammatory pulmonary lesions, bronchi- 
ectasis and chronic bronchitis have been most frequently cited as possible 
etiologic factors in bronchogenic carcinoma. Frommel found that chronic 
bronchitis, bronchiectasis and emphysema were present in 29 of 41 cases 
of cancer of the lung. Klotz reported a case in which a tumor developed 
in the bronchiectatic cavity in a patient who had suffered with bilateral 
bronchiectasis for fifteen years. The clinical as well as postmortem 
observation of chronic pulmonary inflammatory lesions in cases of pul- 
monary cancer is not infrequent.° The metaplastic changes consequent 
to injury of the epithelium by such chronic inflammatory lesions form 


3. Albrecht ; Grove and Kramer ; Léizaga and Vivoli; Lubarsch; Reinhardt. 

4. Simpson; Ziemssen. 

5. Bonnamour and others; Brouardel and others; Martin and Colrat; Popper; 
Rouslacroix and Blanc. 

6. Fried; Hunt; Klotz; Laschke; Simpson. 
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the basis for their consideration as a possible carcinogenic factor.’ Meta- 
plasia in the presence of bronchiectasis has been observed in laboratory 
rats.° : 

The inhalation of irritating gases, such as war gas, exhaust gas of 
combustion motors and gases arising from tarred roads, has been sug- 
gested as an etiologic factor in the production of pulmonary carcinoma. 
Kawahata observed 21 cases of carcinoma of the lung in six years among 
workmen employed in an illuminating gas generator and consequently 
exposed to dust and hot gases containing tar. Experimentally, it is 
possible to produce carcinoma of the lung in animals by the use of tar 
applied to the surface of the animal. Moller painted the backs of young 
rabbits with tar and observed that a fairly high percentage of the animals 
had bronchogenic carcinoma. Similar results were observed by 
Murphy and Sturm. Seelig and Benignus found that, whereas only 1 
of their control animals had carcinoma of the lung, 8 of 100 mice exposed 
to coal soot had such lesions. Kimura by means of intrabronchial inhala- 
tion of coal tar produced in the lung of a rabbit and a guinea pig small 
circumscribed nodular neoplasms. Smith observed no pulmonary tumors 
in 20 mice exposed to coal tar fumes, 1 carcinoma in 26 mice exposed 
to the exhaust of an automobile and 1 pulmonary neoplasm in 29 
mice painted with gasoline. He concluded that this proportion was 
not markedly greater than the spontaneous occurrence of carcinoma 
of the lung in such animals. Bonne performed experiments on mice 
by injecting intratracheally dried pulverized tar-acacia emulsion and 
found no significant increase in pulmonary tumors over control ani- 
mals. Similarly, Campbell concluded that exposure of mice to exhaust 
gas from internal combustion engines has little effect on the incidence of 
primary tumors of the lung as compared with that among controls. 
Hampeln stated the belief that there is a definite relation to the increased 
production of smoke and dust in large cities, in that these substances by 
constant inhalations produce a chronic irritation of the bronchial and 
pulmonary epithelium, increasing the frequency of carcinoma of the lung. 
Staehelin also stated the opinion that the inhalation of dust containing 
chemical substances which possess a specific carcinogenic agent is respon- 
sible for pulmonary carcinoma. He stated the belief that the small tar 
and dust particles in the dust of tarred or oiled roads and the oxidation 


products of gasoline and benzene inhaled daily in large amounts are :. 


causative factors for the increase. An increased incidence in carcinoma 
of the lung among open air workers exposed to road dusts was observed 
by Kennaway and Kennaway. Heilman also stated the opinion that the 
inhalation of gasoline and tar products originating from the use of auto- 
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mobiles and tarred roads is responsible for the production of pulmonary 
carcinoma. On the other hand, Davidoff and Uspensky stated that in 
Russia, where there are few automobiles and few, if any, of the roads 
are painted with tar, there has been a definite increase in carcinoma of 
the lung in the past ten years. Similar observations have been made 
by Boyd in Canada and by Husted and Biilmann in Denmark. Passey 
and Holmes contended that in Great Britain the increasing incidence in 
pulmonary malignant tumor began before the tarring of roads. Similarly, 
Konrad and Franke observed that the condition is increasing in the 
town of Riga, where there has been no increase in the tarring of roads 
or in the number of motor cars. As a result of his investigations of the 
tar content of dust raised from tarred streets by motor vehicles, Lehmann 
concluded that this factor is of little etiologic significance. Probst made 
a thorough review of this subject and came to a similar conclusion. 
These facts would certainly tend to disprove the importance of the inhala- 
tion of tar and benzene products in the production of pulmonary 
carcinoma. 

It has been known for a long time that the inhalation of radioactive 
substances is responsible for the development of pulmonary carcinoma. 
This is demonstrated conclusively by a high incidence of carcinoma 
among the workers in the Schneeberg mines, first emphasized by Arn- 
stein. Rostoski, Saupe and Schmorl found that 62 per cent of workers 
in the Schneeberg mines who were followed until death died of primary 
pulmonary carcinoma. A recent report of studies ** on the Schneeberg 
miners conducted by the government committee for prevention of cancer 
stated that these malignant tumors are considered due to radioactive 
emanations. Dohnert kept 48 mice in the Schneeberg mines for periods 
ranging from two hundred to three hundred and seventy days, and of 26 
submitted to microscopic examination 7 were found to have neoplasms, 
2 of which were in the lung. He concluded that these tumors were 
caused by the radium contained in the air. In addition to being radio- 
active, the dust contains a high content of arsenic and cobalt.® Similar 
observations were made by Pirchan and Sikl, who studied the pitchblende 
mines of Joachimsthal, which is across the mountains from Schneeberg. 
The latter authors found radium emanation in the air of Jachymov pits 
to be as high as 50 maché units. Peller found that during the years 
1929 to 1938, 89 Joachimsthal miners died, 6 of whom were examined 
post mortem. Of these, 47 (52.8 per cent) died of cancer, 42 of whom 
had primary tumors in the lung. Peller stated the opinion that the high 
incidence of primary pulmonary cancers among these miners is due to 
the radioactive factor in the mines. Although the presence of the dust 
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alone might be responsible for the development of pulmonary carcinoma, 
the investigative work of Willis and Brutsaert would tend to disprove 
this, as would the fact that pulmonary carcinoma is not as frequently 
found in other miners who have pneumonoconiosis as do those in the 
Schneeberg mines. Willis and Brutsaert were able to produce tumor- 
like structures in the lungs of guinea pigs exposed to silica (silicon 
dioxide) dust, but there was no evidence of carcinoma developing. 
Moreover, experimental attempts to produce malignant lesions in the 
lungs of mice by the inhalation of Schneeberg drill dust were unsuc- 
cessful.*° 

In an attempt to determine the significance of occupation in the 
development of cancer of the lung, Brockbank analyzed 898 cases col- 
lected from the literature and found that, whereas no single occupation 
was prominent, the laboring classes predominated. The etiologic sig- 
nificance of pneumonoconiosis and silicosis in primary pulmonary carci- 
noma has recently received careful scrutiny. A number of cases have 
been reported from various parts of the world.‘ Charr observed that of 
36 patients with anthracosilicosis who came to autopsy, 4 had primary 
carcinoma of the lung. Anderson and Dible, on the basis of studies of 
the silica content and histologic evidence of pneumonoconiosis in 70 
patients with and 50 without carcinoma of the lung, concluded that 
silicosis plays an important etiologic role. Klotz reported that of 50 
patients with silicosis coming to autposy during the period 1925 to 
1936 there were 4 (8 per cent) with bronchogenic carcinoma; in 4,500 
necropsies during this same period there were only 53 (1.18 per cent) 
primary pulmonary malignant tumors. Similarly, Lynch and Smith 
found that the incidence of carcinoma of the lung in a large series of 
consecutive necropsies was 0.21 per cent, in contrast to an incidence of 
6 per cent in a series of cases of asbestosis. On the other hand, a recent 
survey of the literature in this regard by Vorwald and Karr has led 
them to the conclusion that “inhaled dusts except those containing recog- 
nized carcinogenic substances such as radium and tar, cannot in general 
be considered as etiological factors in the development of primary pul- 
monary carcinoma.” Of particular interest is the report of the Miner’s 
Phthisis Medical Bureau in South Africa. Whereas in an autopsy series 
of 1,438 European miners with silicosis there were 10 (0.7 per cent) 
with carcinoma of the lung, of 1,679 European miners without silicosis 
there were 12 (0.71 per cent) with carcinoma of the lung. Thus, it can 
be readily observed from these conflicting reports that the etiologic role 
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of pneumonoconiosis and silicosis in the causation of bronchogenic car- 
cinoma is not definitely established. 


In a previous publication (Surg., Gynec. & Obst. 68: 435, 1939) 
we called attention to the possible etiologic relation between the increase 
in smoking, with the universal custom of inhaling, and the increase in 
pulmonary carcinoma. The inhalation of smoke constantly repeated over 
a long period produces a chronic irritation of the bronchial mucosa, as is 
evinced by the characteristically associated cough. As early as 1923, 
Fahr stated that in his opinion the increase in the incidence of pulmonary 
carcinoma was due to the increased incidence of cigaret smoking. 
Lickint also expressed the opinion that the inhalation of tobacco smoke 
is a responsible factor in the increase of bronchogenic carcinoma and 
that such carcinoma in many cases can be prevented by abstinence from 
smoking, particularly by patients belonging to families known to have 
a high cancer incidence. Tylecote stated: “In almost every case I have 
seen and known of the patient has been a regular smoker, generally of 
cigarets.” McNally expressed the opinion that the tar of cigaret smoke 
may account for the recorded increase of cancer of the lung. Mertens 
has also expressed this view. Bogen and Loomis stated that the only 
woman with cancer of the lung on whom autopsy was done at the Olive 
View Sanatorium had smoked cigarets excessively for more than fifteen 
years. 

Experimentally, the irritating carcinogenic effects of tobacco have 
been demonstrated repeatedly.** There are a number of substances con- 
tained in tobacco which may act as irritants. Of these, nicotine has been 
chiefly considered by most investigators. Being an alkaline substance, 
McNally stated, “its continual contact with the delicate cells of the lungs 
during the inhalation of smoke must cause irritation.” The nicotine con- 
tained in the aspirated smoke may reach high proportions. Asherson 
stated that the nicotine content of the smoke of one cigaret may be 6 
to8 mg. According to Winterstein and Aronson, from 13 per cent to 
15 per cent of the nicotine content of cigarets is absorbed. 


In addition to nicotine, there are other substances in tobacco, such 
as pyridine bases, phenolic bodies, ammonia and certain hygroscopic 
agents, which have been shown to act as irritants. Stoeber and Wacker 
produced epithelial proliferation in animals by pyridine, and Hamilton 
stated that pyridine produces lesions on the skin similar to those observed 
in patients handling tarry substances. McNally stated the opinion that 
in addition to nicotine the tarry material separating from the smoke has 
a significant irritant action. He found that from 6.5 to 11.5 per cent of 
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this residue may be absorbed or retained in the body. Some hygroscopic 
agent is usually added to cigaret tobacco for the purpose of assuring a 
satisfactory moisture content and to act as a binder. Glycerin and 
diethylene glycol are most commonly used. Clinical and experimental 
investigations have demonstrated convincingly that these substances 
increase the irritant effect of tobacco smoke. Whereas some observers ** 
are of the opinion that cigarets treated with diethylene glycol are less 
irritating than those treated with glycerin, Haag concluded from his 
experimental investigations that there are “no differences in the irri- 
tating properties of the two types of cigarets. 


Roffo stated the conviction, on the basis of his clinical observations 
of 78,000 patients treated in the University Institute for Experimental 
Medicine and for the Study of the Treatment of Cancer in Buenos Aires, 
that tobacco is the most important factor in determining the localization 
of cancer. He concluded as a result of his investigative work that the 
carcinogenic agent in tobacco responsible for the development of pul- 
monary carcinoma is not nicotine but tobacco tar, which is produced as 
a result of the burning of the tobacco. Roffo found that the carcino- 
genic effects of various tobaccos vary considerably and that the experi- 
mental production of tumors in rabbits with tar obtained from black 
Kentucky tobacco is as easy as with coal tar. With both of these sub- 
stances, when the tar was applied to the surface of the ear of the rabbit, 
a tumor developed in 100 per cent of cases. Whereas Dolley and Jones 
in a recent publication cited Hoffman as stating that he was unable to 
find a single case of carcinoma of the lung attributable to nicotine, we 
can find no evidence of this statement in Hoffman’s publication. On 
the contrary, Hoffman, from his statistical investigations, concluded 
that smoking probably plays a definite etiologic role. In a subsequent 
article, Hoffman stated: “They (statistics) undoubtedly are indicative 
of the greater liability to certain forms of cancer among those who have 
acquired heavy smoking habits than among those who indulge normally. 
Personally, I am strongly of the opinion that a relation between the 
increase in smoking habits and cancer of the lung may be safely assumed 
to exist.” In conclusion he stated: “Smoking habits unquestionably 
increase the liability to cancer of the mouth, the throat, the esophagus, 
the larynx, and the lung. The change in the cancer death rate during 
recent years has not, however, been at all disproportionate to the 
enormous increase in the cigarette smoking habit which has replaced the 
older method of smoking, unquestionably more injurious than smoking 
of cigarettes. The increase of cancer of the lung observed in this and 
many other countries is in all probablity to a certain extent directly 
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traceable to the common practice of cigarette smoking and inhalation of 
cigarette smoke. The latter factors unquestionably increase the danger 
of cancer development.” 

It is our definite conviction that the increase in the incidence of pul- 
monary carcinoma is due largely to the increase in smoking, particularly 
cigaret smoking, which is universally associated with inhalation. Every 
one of our patients, with the exception of 2 women, was an excessive 
smoker. Of particular interest in this connection is the comparison of 
the death rate per hundred thousand of population from cancer of the 
lung with the production of tobacco and automobiles in the United States 
during the seventeen year period 1920 to 1936 inclusive. It may be 
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Fig. 4.—Graphic representation of a correlation of the death rate per hundred 
thousand of population from cancer of the lung with the production of tobacco 


and automobiles in the United States during the seventeen year period from 
1920 to 1936 inclusive. 


observed from a graphic representation of these incidences that, whereas 
there is no significant relation between the production of automobiles 
and cancer of the lung, there is an obvious parallelism between the 
increased production of tobacco and carcinoma of the lung (fig. 4). 

The etiologic role played by trauma in carcinoma of the lung is of 
doubtful significance (Knox). Isolated cases of the development of pul- 
monary carcinoma following severe trauma to the chest have been 
reported.** Obviously the fact that an early neoplasm existed prior to 
the trauma cannot be excluded. 


‘ 14. Aufrecht; Georgi; Gomez: Handford; Hedinger; Hinterstoisser; Luckow ; 
Schéppler ; Scott and Forman; Wells and Cannon. 





ARCHIVES OF SURGERY 


Sex.—lIt has long been recognized that pulmonary carcinoma occurs 
principally in the male sex. There has been an apparent increase in the 
number of male patients in relatively recent series. In Adler’s * series, 
reported in 1912, approximately 70 per cent of the tumors occurred in 
males. More recently the incidence of involvement of the male has 
become even greater. In collected series both Breckwoldt and Egenolf 
found the incidence in males to be 74 per cent, and Simons observed 
that males predominated in the ratio of 4 to 1. The increase in pul- 
monary carcinoma in the male sex has been thought to be due to the 
previously greater prevalence of smoking among the sex (Ferrari). 
Undoubtedly, if smoking plays a role, which we believe it does, the rela- 
tive percentages for men and women will become more equalized because 
of the recently increased number of women who smoke. In a collected 
series *° of 8,575 cases in which the sex was stated (fig. 5) there were 
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Fig. 5—Graphic representation of the sex incidence of cancer of the lung, based 
on 8,575 collected cases. 
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6.769 males (78.9 per cent) and 1,806 females (21 per cent). It is thus 
seen that approximately 3 of every 4 carcinomas of the lung affect the 
male. 

Age.—As might be expected, carcinoma of the lung usually occurs in 
older persons. Brunn found that 62 per cent of 576 occurred in persons 
between 40 and 60 years of age. Weller found that the greatest incidence 
is in the sixth and seventh decades. According to Olson, in 73.8 per 
cent of his cases of carcinoma of the lung the tumor occurred in the 
fifth, sixth and seventh decades. Breckwoldt, in a large series of collected 
cases, found the most frequent occurrence between the ages of 50 and 70 
vears. Fischer, in a series of 1,888 collected cases, found that one third 
of the tumors occurred in the fifth decade, one third after the age of 60 
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Fig. 6—Graphic representation of the age incidence of cancer of the lung, 
based on 4,307 collected cases. 


and 13 per cent under the age of 40. There were 4 tumors in children 
under 10. Simons, in a collected series of over 5,000 cases, found that 
iour fifths of the tumors occurred between the ages of 40 and 70. 
Schwyter and Beardsley each reported observation of the tumor in a 
16 month old child. However, the youngest patient whose case has been 
recorded is probably that of Weill-Hallé and his associates, who reported 
on a primary carcinoma of the lung in a child 1 year of age. Other 
patients under 10 years of age have also been reported on.** The 
oldest patient, 91 years of age, was probably Frommel’s. In a series 
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of 4,307 collected cases *’ arranged according to decades, the follow- 
ing results were found: first decade, 0.16 per cent; second decade. 
0.7 per cent; third decade, 2.9 per cent; fourth decade, 10.7 per cent: 
fifth decade, 25.4 per cent; sixth decade, 34.1 per cent; seventh 
decade, 20 per cent; eighth decade, 5.4 per cent, and ninth decade, 
0.58 per cent (fig. 6). It is thus seen that well over half the patients 
are between the ages of 40 and 60 (59.5 per cent) and approxi- 
mately four fifths are between the ages of 40 and 70. It is of significance, 
however, that 10.7 per cent were between the ages of 30 and 40 and 
that approximately 40 per cent were under 50 years of age. These 
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Fig. 7—Graphic representation of the age incidence in the collected cases of 
pneumonectomy for cancer of the lung. 


figures are of interest when compared with the age of patients on whom 
total pneumonectomies have been done. In a collected series * of 116 
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cases, including 15 of our own, the ages were given in 67. For these 
67 cases the age incidence was as follows: 2 patients (2.9 per cent) 
were in the first decade; 2 (2.9 per cent) were in the second decade; 2 
(2.9 per cent) were in the third decade; 8 (11.9 per cent) were in the 
fourth decade ; 25 (37.3 per cent) were in the fifth decade; 24 (35.8 per 
cent) were in the sixth decade, and 4 (5.9 per cent) were in the seventh 
decade (fig. 7). It is significant that 57 per cent of these patients were 
under 50 years of age, as contrasted with 48 per cent of the entire group. 
This difference is undoubtedly due to the fact that the younger patients 
were chosen for pneumonectomies, whereas the older patients were not 
considered suitable for the procedure. Undoubtedly, many of the older 
patients will be given the advantage of a pneumonectomy in subsequent 
series, since the safety of this procedure has been demonstrated. The 
incidence for the entire group of collected cases of carcinoma was four 
times greater in patients above 60 years of age than in the group sub- 
jected to total pneumonectomy. This difference is perfectly obvious, for 
the reasons previously given. 

Pathologic Picture-——Carcinoma of the lung is invariably bron- 
chogenic in origin. Until recently, however, there has been some con- 
troversy concerning this fact, as it had been thought that probably some 
of the carcinomas originate from the parenchyma of the lung and are not 
bronchogenic. At present it is generally accepted that all pulmonary neo- 
plasms originate from the bronchial mucosa. As regards the location 
of primary neoplasms of the lung, the right side is involved more fre- 
quently than the left. In Fischer’s series of 3,735 cases of pulmonary 
carcinoma the right side was involved in 53 per cent and the left in 
45 per cent, and in 2 per cent the lesion was bilateral. In 4,732 cases 
which we have collected from the literature,® there were 2,761 (58.3 per 
cent) tumors involving the right lung and 1,971 (41.6 per cent) involv- 
ing the left lung (fig. 8). In 784 of Fischer’s cases in which the 
location according to the bronchus was designated, the findings were 
as follows: the main bronchus of the right lung was involved in 142; 
the main bronchus of the left lung, in 115; the bronchus of the upper 
lobe of the right lung, in 148; the bronchus of the upper lobe of 
the left lung, in 130; the bronchus of the lower lobe of the right lung, 
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in 129; the bronchus of the lower lobe of the left lung, in 105, and the 
bronchus of the middle lobe, in 15. Similar results, particularly as 
regards involvement of the upper lobe of the right lung, were reported by 
Breckwoldt and by Kikuth. Most pulmonary neoplasms are located 
centrally, that is, of hilar origin. According to Boyd, 90 per cent of 
these neoplasms are in the region of the hilus. In Frissell and Knox’s 
series the incidence of hilar carcinomas was not as high, being only 49,7 
per cent; 17.8 per cent involved the parenchyma and were of the nodular 
variety ; 6.5 per cent were peripheral ; 23.9 per cent were diffuse, and 2.1 
per cent were bilateral miliary. According to Edwards, about 80 per cent 
of carcinomas of the lung occur in the larger lobe or bronchi or near the 
origin of the secondary bronchi and only 20 per cent in the peripheral 
bronchioles. Weller and Koletsky found that the lesions were hilar in 
90 per cent and 86.6 per cent, respectively, of the cases they studied. 
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Fig. 8.—Graphic representation of the location of cancer of the lung, based on 
4,732 collected cases. 


Microscopic Pathologic Appearance-—There have been numerous 
classifications, usually based on the macroscopic or the morphologic 
appearance of the tumor.?° Most frequently the classification used has 
been squamous cell carcinoma, small cell or undifferentiated cell car- 
cinoma (oat cell carcinoma) and endocarcinoma. However, the classi- 
fication which seems most logical to us is that proposed by Halpert, 
which we discussed in detail in our previous publication. This classifica- 
tion is based on the development of the cells lining the bronchi and ade- 
quately explains the histologic structure of all primary pulmonary 
carcinomas. Normally, the cells lining the mucous membrane of the 
bronchial tree represent varying degrees of differentiation and specializa- 
tion of the original entodermal cells. 
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Apparently the undifferentiated entodermal ancestor cell is capable of developing 
into ciliated cylindrical epithelium, goblet cells, cuboidal cells, arranged into acinar 
ind tubular structures producing a serous or mucous secretion, indifferent cells, 
lining the ducts of these glands, and into another kind of cuboidal or low cuboidal 
cells without cilia which line parts of the terminal bronchioles. In addition to the 
variety of cells just enumerated there are, beneath the ciliated cylindrical and 
goblet cells, a varying number of other epithelial cells which, like the basal cells 
in the epidermis, are lined up along the border toward the tunica propria. They are 
the cells from which the single layer of ciliated cylindrical and goblet cells are 
replenished. These cells, which may be called “reserve cells,” are the parent cells 
of the ciliated, cylindrical, and goblet cells. In addition they naturally also possess 
the qualities of their ancestor cells in that they may differentiate into any kind 
of epithelium that an entodermal cell is capable of producing. 


According to Halpert, carcinomas of the lung originate from these 
“reserve cells” by atypical proliferation. 

These malignant growths may, therefore, be classified into three 
types, depending on the embryologic direction of growth: (1) “reserve 
cell” carcinoma, (2) cylindric cell carcinoma and (3) squamous cell 
carcinoma. This conception of the embryologic development of car- 
cinomas is graphically illustrated by the development of the cells of the 
bronchial mucosa from a primitive entodermal cell. The “reserve cell” 
carcinomas consist of round, elongated or polygonal cells growing in 
solid masses and forming no particular structure. Characteristically they 
have a palisade arrangement of the peripheral cells. The cylindric cell 
carcinomas are composed of cuboidal or columnar cells forming tubular 
or acinar structures or are mounted on delicate connective tissue stalks in 
a papillary arrangement. The squamous cell carcinomas have a ten- 
dency toward keratinization or toward pearl formation with central 
keratinization. 

Metastases from primary malignant tumors of the lung extend, as do 
those from malignant tumors elsewhere, in three ways: (1) by direct 
extension, (2) through the lymphatics and (3) through the blood stream. 
A fourth method of extension is “bronchial embolism.” This has been 
described by Lumsden as surface spread. This method of extension has 
been insufficiently realized in the past but is, we believe, an important 
method of extension and is responsible in many instances for the periph- 
eral involvement of the lung in those cases in which the primary lesion 
originates proximally (fig. 11). As might be imagined, the most frequent 
sites of metastatic involvement are the regional lymph nodes and the 
bronchial nodes. Next to the regional lymph nodes, the liver occupies 
first place in point of involvement. Kikuth stated that the regional lymph 
nodes are involved in practically all the cases. In Miller and Jones’s 
series of 808 collected cases the liver was involved in 248 (30.7 per cent). 
In Koletsky’s series of cases the tracheobronchial lymph nodes were 
involved in every instance, and the liver was involved in 40 per cent 
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of the cases. In Olson’s series of cases the tracheobronchial lymph 
nodes were involved in 86 per cent and the liver in 35.8 per cent. It is 
of interest that the adrenals follow next in frequency in both of these 
series of cases, i. e., 38 per cent and 25.3 per cent respectively. King, in 
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Fig. 9—Graphic representation of the incidence of metastasis of cancer of the 
lung to various organs, based on 2,579 collected cases. 
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Fig. 10.—Graphic representation of the results in the collected cases of pneumo- 
nectomy and in our own. 


a series of 72 autopsy cases, found that the bronchial lymph nodes were 
involved in one-half the cases, the adrenals and liver in one third of the 
cases, the bone and brain in one fifth of the cases, and the kidneys in 
one sixth of the cases. Lumsden observed 31 of 36 patients with metas- 
tases to the regional lymph nodes in a series. Frissell and Knox found 
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that in 97.4 per cent of their cases there was extension of the tumor to 
the regional lymph nodes. In a series of 2,579 collected cases,** the 
regional lymph nodes were involved in 75.9 per cent and the liver in 
33.4 per cent (fig. 9). It is interesting in this connection that in a series 
of 808 collected cases, presented by Miller and Jones, the lymph nodes 
were involved in only 245 (30 per cent). The next most frequent sites 
of metastasis in the collected series * were as follows: bone, 20.4 per 
cent; adrenals, 17.6 per cent; kidney, 16 per cent; brain, 14.6 per cent; 
heart and pericardium, 10.4 per cent, and pancreas, 5.1 per cent (fig. 9). 
Involvement of the central nervous system is to be expected, because of 
the frequent association of lesions of the respiratory tract and lesions 
of the central nervous system. It is a well known fact that patients with 














Fig. 11—Photograph of the left lung removed at operation, showing a car- 
cinoma originating in the upper lobe, with intrabronchial extension of the lesion. 


suppurative disease of the lung are particularly likely to have a metastatic 
process in the brain. This is corroborated by the reported statistics.*? 
Dosquet found that of 105 cases of carcinoma of the lung, there were 
metastases to the central nervous system in 33. In 22 of Olsen’s cases 
in which the skull was opened, involvement of the cerebrum and cere- 
bellum was observed in 36.3 per cent. Seyfarth found that of 309 
cases, there were metastases to the central nervous system in 30. 
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Simpson found that of 139 cases, there were metastases to the central 
nervous system in 19. Fried found that of 47 cases, there were metas- 
tases to the central nervous system in 16. 

Although such high incidences of metastasis would indicate that the 
surgical treatment of pulmonary neoplasm is relatively hopeless, it should 
be realized that these figures are based on autopsy cases in which the 
tumors obviously were advanced. The fact that in approximately 70 per 
cent of cases the metastases were limited to the regional lymph nodes 
makes the prognosis as regards the surgical treatment much better. The 
fact that metastases do occur most frequently to the regional lymph nodes 
is significant, because in the surgical extirpation of a malignant lesion of 
the lung it is as important to remove the regional lymph nodes together 
with the primary focus as it is to do an axillary dissection for lesions 
of the breast. Only in this way can a radical operation be performed 
and the hope of a cure be obtained. 


SYMPTOMS 


Unfortunately, there are no characteristic symptoms of bronchial 
carcinoma. The onset of the condition is usually insidious, and the 
symptoms are disregarded because they are attributed to other causes, 
particularly to smoking. Hochberg and Lederer stated: “At present 
when cough seems to be habitual with the average person, every patient 
with a cough cannot be looked upon with suspicion as having neoplasm 


of the lung.” It is unfortunate that the adult population is suffering 
with habitual cough, which is undoubtedly due to the ubiquitous use of 
tobacco. The fact remains that the most frequent symptom of bron- 
chogenic carcinoma is cough. Brunn and Simons found cough to occur 
in 65 per cent and 72 per cent in their respective collected series. In 
Brines and Kennings’ series of cases, cough was present in 87 per cent. 
In Frissell and Knox’s series of cases it was present in 91 per cent and 
was the first symptom in 23.8 per cent. In all of our cases cough was a 
prominent manifestation, although in many it was considered by the 
patient to be of no consequence because of the fact that it had been 
present for some time. Hochberg and Lederer emphasized the fact that 
patients with carcinoma of the lung may have no symptoms referable 
to the chest at the time of admission. Of 47 patients who had thoracic 
symptoms, cough was present in 91.5 per cent. In the 13 cases in which 
there were no thoracic symptoms, the most frequent complaints were as 
follows: epigastric distress in 7 (53.9 per cent) ; anorexia in 7 (53.9 pet 
cent) ; nausea and vomiting in 6 (46.2 per cent); malaise in 5 (38.5 
per cent); loss of weight in 4 (30.8 per cent) ; constipation in 4 (308 
per cent), and aphasia in 2 (15.4 per cent). These authors found that 
when the lesion involves the lower lobe of the left lung the epigastric 
distress is most likely to be a disturbing factor. At first the cough is 
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usually nonproductive, but later it is accompanied with expectoration. 
Although early, the expectoration may be scanty and mucoid; later it 
becomes more profuse and mucopurulent. It is frequently blood tinged 
and in the late stages may be foul. 

Not infrequently the patient’s attention is directed toward the thoracic 
involvement by evidences of an acute infection of the respiratory tract, 
such as acute bronchitis or influenza. Many of the patients are treated 
for a time for this infection, without improvement. Hemoptysis is a 
relatively infrequent manifestation, but when it does occur it is of great 
significance. In 1 of our patients the only symptom was hemoptysis of 
two weeks’ duration. In 25.8 per cent of Brines and Kenning’s series, 
symptoms of an acute infection of the respiratory tract were the initial 
manifestation. In their series, hemoptysis was the chief complaint in 
18.9 per cent but was present at some time during the course of the 
illness in 48.3 per cent. Simons reported its presence in 40 per cent 
of his collected series. 

Relatively frequently an indefinite pain is felt in the thorax, which is 
likely to be disregarded by the patient. It was present in 60 per cent 
and was the chief complaint in 44.8 per cent of Brines and Kenning’s 
series. These respective incidences were 71.7 per cent and 21.7 per cent 
in Frissell and Knox’s series; Simons found it present in 59.8 per cent 
of his collected series. Polevski expressed the opinion that pain is the 
most frequent complaint. Fried emphasized the persistence of the pain 
in spite of therapy. Pain may be the earliest symptom of the more 
peripherally located lesions. 

Dyspnea occurred in almost 60 per cent of both Simon’s and Frissell 
and Knox’s series. However, since autopsy cases are the bases for these 
incidences, dyspnea cannot be regarded as an early symptom. Obviously, 
dyspnea cannot be considered an early manifestation, because in order to 
produce this symptom the lesion must have sufficient time to interfere 
with function either by its size or by pleural effusion. 

Unfortunately, a patient with early carcinoma of the lung has no 
symptoms which are characteristic of the condition, and any respiratory 
manifestations in a patient past 40 years of age should be investigated 
in order to exclude the possibility of a pulmonary malignant tumor. 
This statement is sufficiently justified by the high incidence of carcinoma 
of the lung. Only by such constant vigilance can the early diagnosis 
of carcinoma of the lung be made. An acute infection of the respiratory 
tract which does not subside within a reasonable time in a patient past 
40 years of age should be considered as due to a primary malignant 
tumor of the lung until this has been definitely excluded. In cases of 
peripherally located tumors with extension to the pleura, evidences of 
pleurisy with effusion may be present. Symptoms which appear late 
are loss of weight and strength, cyanosis, dyspnea and hypertrophic 
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pulmonary osteoarthropathy. Owing to circumferential growth, the 
vascularity of the tumor in its central portion becomes impaired, which 
results in necrosis and abscess formation. Pulmonary abscess without 
antecedent pneumonitis or aspiration of a foreign body should be con- 
sidered of malignant origin until proved otherwise. 


The duration of symptoms in the reported series varies considerably, 
but generally the interval from the first onset of symptoms until death 
is relatively short. Koletsky stated that the average duration of symp- 
toms from onset until death is about six months. Brines and Kenning 
found that 4 per cent of patients had symptoms less than a month; 278 
per cent, from one to three months; 39.7 per cent, from three to six 
months ; 9.2 per cent, from six to nine months, and 7 per cent, for more 
than a year. King found an average duration of life of nine and three- 
tenths months. Frissell and Knox had 1 patient with symptoms of less 
than a month’s duration; 15 with symptoms of less than three months’ 
duration ; 13 with symptoms of less than six months’ duration; 9 with 
symptoms of less than twelve months’ duration ; 5 with symptoms of less 
than fifteen months’ duration, and only 3 with symptoms lasting over 
fifteen months. The average length of life in D’Aunoy, Pearson and 
Halpert’s series of cases was five months. Their figures would indicate 
that carcinoma of the lung is a rapidly progressive condition. From our 
clinical experience we do not believe that this is the case; we are inclined 
to consider the statistics presented by these authors as not necessarily 
indicative of the true duration of symptoms. The histories were probably 
taken by persons who did not consider the possibility of carcinoma of 
the lung and consequently made no serious effort to elicit the inaugural 
symptoms. Moreover, it should be realized that in many instances the 
condition is undoubtedly present for a long time before the onset of 
symptoms. In 1 of our cases a man who was a heavy smoker had no 
symptoms except a cough which had not changed in character over a 
period of years. Hemoptysis, which was the first manifestation, was 
noticed two weeks before his admission to the hospital. The roentgen- 
ograms showed a relatively large tumor, involving the hilar region, 
which was found inoperable on subsequent exploration. Two other 
patients with chronic cough, which was thought to be due to cigaret 
smoking, had relatively acute manifestations of only a few weeks’ dura- 
tion and were found to have large neoplasms following pneumonectomy. 
Another patient, a year prior to his first manifestation, had had a roent- 
genogram taken as part of a routine examination. At that time the 
roentgenogram was thought to be normal, although there was a slight 
hilar enlargement on the left side. One year later he had an acute 
infection of the respiratory tract, which was diagnosed as influenza. 
A roentgenogram taken at this time showed the same hilar enlargement 
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and the diagnosis of bronchogenic carcinoma was not suspected until 
several months later, when atelectasis of the lung distal to the involved 
bronchus developed. 

The physical findings in cases of pulmonary malignant tumor are 
as protean as the symptoms and are dependent on the location and extent 
of the lesion and the consequent secondary pulmonary changes. We 
have frequently observed no physical changes in cases in which the 
diagnosis was made by roentgen and bronchoscopic evidence. Limitation 
of expansion, dulness, decreased breath sounds and rales occur with great 
variability and are most frequently present in the late stages. In fact, 
the presence of obvious physical signs is generally indicative of 
inoperability. 

DIAGNOSIS 

The most important factor in the diagnosis of pulmonary carcinoma 
is the consideration of its possible presence. It should be suspected in 
the case of every patient 40 years of age or older with cough, hemoptysis 
or thoracic discomfort. Undoubtedly, in the past many, if not most, pul- 
monary carcinomas have been incorrectly diagnosed. Thus, Sehrt, in 
1904, reported only 3.3 per cent of correct antemortem diagnoses in a 
series of 178 cases. This incidence of correct diagnoses was 36.8 per 
cent in Probst’s cases, 30 per cent in Kikuth’s and 20 per cent in those 
of Cottin and his co-workers. Koletsky found that a correct diagnosis 
was made in only 56 per cent of his cases. In 9 cases a diagnosis of 
tuberculosis was made. In an additional 9 cases a diagnosis of abscess 
was erroneously made. Undoubtedly, the high incidence of incorrect 
diagnoses is due in great part to the ability of cancer of the lung to 
simulate other conditions. However, of even greater importance in this 
regard is the frequent lack of its consideration. 


Whereas roentgenographic examination without the use of contrast 
mediums is usually of little or no value in the early diagnosis of non- 
obstructive bronchial neoplasms, careful stereoroentgenographic studies 
are necessary for all such lesions. The roentgen interpretation of cen- 
trally located lesions is generally more difficult because of the confusion 
with hilar shadows produced by other lesions and by normal structures. 
This is particularly significant because most pulmonary neoplasms occur 
in the hilar region. This is emphasized by the case mentioned, in which 
a roentgenogram taken a year before the onset of symptoms, in which a 
hilar shadow was demonstrated, was considered to be of no consequence. 
With centrally located lesions, after the condition has progressed to such 
an extent that bronchial obstruction occurs, atelectasis of one or more 
lobes develops, depending on the degree of central location. The physical 
and particularly the roentgen manifestations of carcinoma of the lung are 
characteristic, that is, dulness or shadow and displacement of the medias- 
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tinal structures toward the affected side (figs. 12 and 13). With periph- 
erally located pulmonary malignant tumor, the roentgen diagnosis js 
dependent on shadows produced by the infiltrating tumor. The signifi- 








Fig. 12.—A, anterposterior roentgenogram of the chest showing an irregu- 
larly shaped hilar shadow on the left side. The patient, a white man 45 years of 
age, was operated on, a pneumonectomy being performed. The carcinoma involved 
the bronchus of the upper lobe of the left lung. B, roentgenogram taken six 
weeks after operation. 








Fig. 13—A, anteroposterior roentgenogram of the chest, showing a shadow 
with an irregular periphery in the lower lobe of the left lung. The patient, a white 
man 59 years of age, was operated on, pneumonectomy being performed. The 
carcinoma originated in the left bronchus of the lower lobe of the left lung. B, 
roentgenogram taken six months after operation. 


cance of roentgen examination may be realized by the high incidence of 
correct diagnoses reported after this procedure. Thus, Andrus found 
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that the condition was indicated roentgenologically in 58 (90.6 per cent) 
of 64 cases. An even higher incidence, 97.1 per cent, was reported by 
Vinson. The roentgen characteristics of carcinoma of the lung have been 
described adequately, and the reader interested in this phase of the sub- 
ject should refer to these previous publications.** More recently the value 
of tomographic studies has been reported.** 

Bronchoscopic visualization of the tumor and biopsy of a specimen 
obtained by use of the bronchoscope are of greatest importance as regards 
the accurate diagnosis. Unfortunately, bronchoscopy is not performed 
often enough, as is evidenced by the reported statistics. Bronchoscopy 
was done in only 20 per cent of Koletsky’s cases and in 50 per cent of 
srines and Kenning’s and King’s series. Bronchoscopy will usually 
give a positive diagnosis in over 70 per cent of the cases.” With centrally 
located tumors the lesion can usually be visualized and a piece of tissue 
obtained for biopsy. The characteristic bronchoscopic features have been 
described by numerous authors.*® In those cases in which the eparterial 
bronchus is involved considerable difficulty is enccuntered unless the 
tumor projects into the right main stem bronchus. Recently Gebauer 
has described a bronchoscopic mirror for visualization of the upper lobe. 
Although the microscopic demonstration of malignant tumor of the 
bronchus is ultimately ideal, there may be some difficulty in obtaining 
a satisfactory specimen. We are in complete accord with Jackson and 
Holinger in concluding that the incidence of correct diagnoses made by 
bronchoscopic visualization of the lesion will probably be higher when 
made by one experienced in the bronchoscopic diagnosis of these tumors 
than by routine microscopic examination of biopsy specimens. This in 
part is due to the reluctance of most pathologists to diagnose carcinoma 
from the examination of a few cells, and it is also due to the fact that 
representative neoplastic tissue may not always be obtained. In every 
instance, however, an attempt should be made to obtain tissue for micro- 
scopic examination, because obviously this is the ideal method of diag- 
nostic proof. Bronchoscopy is also of value to the surgeon in determining 
the extent of the lesion. In those instances in which there is compression 
of the trachea by the tracheal nodes or in which there is marked widening 
of the carina the lesion is likely to be inoperable. 

Bronchography is also a valuable diagnostic method. It is par- 
ticularly advantageous in those cases in which the mass does not cast a 
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shadow. Roentgenograms taken after the intratracheal or intrabronchial 
injection of iodized poppyseed oil may demonstrate partial or complete 
occlusion of the bronchi. The oil may be instilled by numerous technics, 
However, one of the simplest is the transglottic method previously 
described. 


The presence of malignant cells in expectorated material can fre- 
quently be demonstrated microscopically. By this method of examina- 
tion Dudgeon found carcinoma cells in 60 per cent of patients in whose 
cases a diagnosis of pulmonary neoplasm subsequently was proved. This 
method of diagnosis has been successfully used more recently by Barrett 
and by Gamba and Lamberti. In using this method it is important, as 
was emphasized by Edwards, that the pathologist examining the tissue 
be particularly trained in the recognition of these cells. Similarly, the 
demonstration, according to Mandlebaum’s technic, of malignant cells 
in the pleural fluid in those cases in which there has been extension to 
the pleura is of diagnostic importance. Seecof demonstrated malignant 
cells in about 70 per cent of cases and Goldman in about 80 per cent. 
This method is of little use early in the disease, however, because of the 
relatively late extension to the periphery except in peripherally located 
lesions. The importance of this method of diagnosis lies principally in 
its prognostic value. 


Aspiration biopsy has also been suggested as a diagnostic method.” 


Whereas we previously advocated and practiced aspiration biopsy, we 
feel that this procedure should be condemned because of the danger of 
metastases occurring in the pleura as a result of the removal of the 
specimen. That this is not only a possibility but a probability is evi- 
denced by a case reported by Dolley and Jones, in which a metastatic 
nodule developed in the thoracic wall after aspiration of pleural fluid. 


TREATMENT 


Although there is considerable controversy among surgeons and 
radiologists concerning the relative values of surgical extirpation and 
irradiation for malignant tumors elsewhere in the body, at present it is 
the consensus that the only curative treatment of carcinoma of the lung 
is surgical extirpation. This is particularly true because of the almost 
hopeless outlook following the use of other types of therapy. Irradiation, 
either external or internal (by means of implantation of radon), has 
been used as a palliative procedure and is of value in hopeless cases in 
alleviating the manifestations.** In a series of patients treated by irradia- 
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tion, King found that the average duration of life for those treated was 
fifteen and four tenths months as compared with nine and three tenths 
months for the entire series of cases. Chandler and Potter found that 
the average duration of life for 59 patients treated by irradiation was 
eleven months, whereas that for 61 untreated patients was six months. 
Ormerod also observed a slight increase in the duration of life of the 
treated patients. Brock, in a series of 106 cases, advised local radon 
therapy in 10. In all but 3 of these the radon therapy was suggested 
merely as a placebo. He stated the opinion that irradiation has little to 
do with prolonging life and that in those cases in which the patient’s 
life is apparently prolonged it is probably because the carcinoma grows 
slowly. He referred to a patient who lived eight years after his first 
symptoms without any treatment. Saupe similarly found that only about 
15 per cent of 200 patients showed definite improvement following 
irradiation. Numerous others ** have also observed that irradiation for 
carcinoma of the lung is of little if any value. 

Although in a number of reported cases *° simple resection of the 
involved lobe has been performed, it seems to us that any procedure short 
of total removal of the involved lung is irrational. Only by complete 
excision of the entire lung can the primary focus be adequately removed. 
Moreover, lobectomy obviously does not permit removal of the regional 
lymph nodes. As has been mentioned, the fact that the incidence of 
lymph node involvement is relatively high is sufficient indication that 
the regional lymph nodes should be extirpated together with the primary 
lesion. The performance of simple lobectomy for carcinoma of the lung 
is just as illogical as is partial removal of the breast with no attempted 
extirpation of the regional lymph nodes for mammary carcinoma. 
\nother reason for total pneumonectomy is that approximately 75 per 
cent of pulmonary neoplasms originate in the proximal bronchi. As 
was shown by Bonniot, Monod and Evrard, it is not possible to apply a 
tourniquet high enough on the pedicle of the lung to permit division of 
the main bronchus without injuring the pericardium or other mediastinal 
structures. Although total pneumonectomy may seem a radical procedure, 
particularly for an elderly patient suffering from a pulmonary neoplasm, 
it should be realized that in operations for malignant tumor complete 
extirpation is a requisite for cure. Moreover, from a technical stand- 
point, total pneumonectomy is a much better procedure, surgically and 
anatomically, than is lobectomy. The latter at best is more or less a 
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makeshift operation. It is almost invariably necessary to cut through 
pulmonary tissue because of the incomplete division of the lung by the 
fissures. 

As a preliminary procedure, artificial pneumothorax should be per- 
formed over a period of time. This is done in stages, the amount of 
intrapleural pressure being increased gradually until the pressure js 
definitely on the positive side. Preoperative pneumothorax is of diag- 
nostic importance in determining the presence, the extent and the location 
of adhesions, thus permitting the preoperative planning of the operative 
procedure. It is desirable also in determining the extent of the adhesions 
to take roentgenograms with the patient’s head down, in order to 
determine the extent of adhesions between the base of the lung andthe 
diaphragm. Another decided advantage of preoperative pneumothorax 
is the gradual compression of the pulmonary capillary bed, which gives 
the heart time to compensate for the increased peripheral resistance in 
this area and thus mitigates the sudden change which follows the cutting 
off of the blood to the involved lung at the time of ligation of the pul- 
monary vessels. This is particularly true with elderly persons whose 
cardiac reserve is diminished and in whom malignant tumors of the lung 
are likely to occur. Whereas previously we believed that it was possible 
to bring about the collapse within a relatively short period, i. e., a few 
days, at present we are of the opinion that the period of compression 
should be more prolonged and that at least ten days to two weeks is 
required for complete compensation of the cardiovascular system before 
operation. We have not used the preoperative instillation of beef broth 
bouillon into the pleural cavity as suggested by Rienhoff. 

Preoperative administration of unmodified blood is usually of impor- 
tance. When the patient has anemia, it is imperative that at least two 
donors be available at the time of operation. Although we have had one 
massive hemorrhage occur during the course of an operation, this was 
early in our experience, and subsequently it has seldom been necessary 
to give a transfusion postoperatively, because of the minimal amount of 
blood lost. 


Anesthesia.—Although pneumonectomy may be performed with local 
or spinal analgesia, the latter being particularly popular in Canada and 
England, we prefer cyclopropane inhalation anesthesia. Because of the 
wide opening in the chest wall, it is necessary that the anesthetic be 
administered under positive pressure. In our earlier cases intratracheal 
tubes were used, but we are convinced that the use of intratracheal tubes 
is deleterious, because of the likelihood of the introduction of infection 
and the increased secretion resulting from trauma, which in the presence 
of a single lung after pneumonectomy is particularly dangerous. One 
of our fatalities, previously reported, which occurred fourteen hours 
after operation, undoubtedly was due to trauma of the trachea by the 
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intratracheal tube resulting in such excessive secretion that the patient 
virtually drowned in her own secretion despite almost continuous 
aspiration. 

Although we have used both the posterior approach of Crafoord and 
the anterior approach of Rienhoff to satisfaction and although in our 
previous publication we expressed the opinion that for basal lesions the 
posterior approach is preferable, we believe that with few exceptions the 
anterior approach is not only adequate but preferable. It has the distinct 
advantages that a relatively shorter incision is used and the opposite, 
uninvolved lung is not compressed (by the position of the patient on 
the operating table) during the operative procedure. In contrast to the 
intercostal incision as suggested by Rienhoff, we prefer subperiosteal 
resection of the third rib and its adjoining costal cartilage. The incision 
is made along the course of the third rib, extending from the midportion 
of the sternum to the midaxillary line. The fibers of the pectoralis 
muscles are separated in the direction of the incision. In separating the 
perichondrium from the third costal cartilage, care should be taken to 
avoid injury to the internal mammary vessels. After removal of the 
third costal cartilage and the anterior portion of the third rib, the remain- 
ing portion of the costal cartilage is removed from the sternum by means 
of rongeurs. The internal mammary vessels are then secured both 
above and below the line of incision by means of a transfixion suture of 
no. 2 silk. Prior to the use of this procedure, troublesome and occasion- 
ally alarming hemorrhage occurred from these vessels. It is necessary 
that the vessels be divided in order that an adequate approach to the 
mediastinum can be obtained. The pleura is opened through the bed of 
the third rib throughout the extent of the incision extending from the 
lateral border of the sternum to the anterior axillary line. 

After the pleural cavity has been opened the lung is mobilized by 
division of adhesions by sharp dissection. In the anterior approach the 
lung is retracted posteriorly in order to expose the lateral surface of the 
mediastinal pleura. An incision is made in the mediastinal pleura, in 
the groove of the reflection of the pleura from the mediastinum to the 
medial surface of the lung. A flap of mediastinal pleura is thus formed, 
which is elevated to expose the mediastinal and hilar structures. This 
is greatly facilitated by the use of long, ball-tipped, slightly curved 
scissors. Care is taken in mobilizing this flap to avoid injury to the 
phrenic nerve and the pericardiophrenic vessel. After its exposure the 
phrenic nerve is crushed by means of artery forceps in order to paralyze 
the homolateral side of the diaphragm for a period of months. 

The mediastinal structures are isolated individually. Mass ligation of 
the hilus is to be condemned as an.unsurgical procedure and one which 
will give bad results in the majority of cases because of incomplete 
extirpation. It does not permit removal of the mediastinal lymph nodes 
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in which metastases are likely to occur and in many instances does not 
permit the complete removal of the tumor. On the right side, in addition 
to isolation, quadruple ligation and division of the pulmonary artery, the 
two pulmonary veins and the bronchus, the azygos vein should be ligated 
and divided. This is necessary because of the difficulty of freeing the 
bronchus if such a procedure is not used. In 1 of our cases, because 
of incomplete ligation of the azygos vein there was slipping of the liga- 
ture, which resulted in fatal hemorrhage. This case has been reported 
previously. The individual isolation of the hilar structures, beginning 
with the pulmonary artery, is imperative. This artery is isolated from 
the remaining structures principally by blunt dissection, with small gauze 
pledgets and the curved Semb dissector. After the pulmonary artery 
has been isolated for a distance of approximately 1.5 to 2 cm., a no. 2 
silk ligature is passed around the vessel and tied as far proximal as 
possible. A similar ligature is placed around the distal side and tied. 
Proximal and distal to these ligatures are inserted transfixion sutures, 
which are tied on both sides of the vessel. Thus the vessel is quadruply 
ligated, a transfixion and a plain suture being placed medially and a plain 
and a transfixion suture distally. The vessel is divided between the liga- 
tures, care being taken to leave sufficient length of vessels on the medial 
aspect. The superior pulmonary vein is similarly treated, after which 
the bronchus is isolated and crushed by means of two large forceps and 
divided between these with a scalpel. Interrupted mattress sutures are 
placed proximal to the forceps, after which the forceps are removed; 
the crushed end of the bronchus is then closed with interrupted silk 
sutures. Finally, the inferior pulmonary vein is treated as described for 
the pulmonary artery and superior pulmonary vein. All of the medias- 
tinal lymph nodes on the affected side are extirpated in order to remove 
any possible metastatic foci. After complete extirpation of all mediastinal 
lymph nodes, careful pleuralization of the mediastinum is imperative. 
Whenever possible, the edges of the divided mediastinal pleura are 
approximated, and the stumps of the ligated vessels and bronchus are 
covered with pleura. If there is an insufficient amount of pleura to 
cover the hilar stump satisfactorily, a pleural flap from the pericardium 
or from the lower part of the mediastinal pleura is swung into position to 
cover the bronchial stump as suggested by Rienhoff. This is important 
in order to minimize the danger of imfection and to augment prompt 
healing of the bronchial stump. In our cases we have not resorted to 
drainage, because we believe with Rienhoff that filling of the pleural 
cavity with fibrinous exudate is important in obliteration of the cavity. 
Obliteration of the cavity also is facilitated by elevation of the diaphgram, 
which follows crushing of the phrenic nerve at the beginning of the 
operation. The thoracic wound is closed tightly, interrupted no. | silk 
sutures being used for thepleura and the intercostal muscles. The 
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superficial muscles and the skin are closely approximated by means of 
the same material. A compression sea sponge bandage is applied over 
the wound to obliterate the dead space and to lend support to the wound. 

In a previous report we analyzed 79 reported cases of total pneumo- 
nectomy for neoplastic disease of the lung. In addition to this number, 
we reported 7 pneumonectomies which we had done, making a total of 
86 cases. In this presentation, the number of total pneumonectomies for 
neoplastic disease of the lung, including those done by us, will be brought 
up to date. There have been 22 additional pneumonectomies reported, 
and we have performed 8 additional ones, making a total of 101 reported 
pneumonectomies ** and 15 of our own, a grand total of 116 total pneu- 
monectomies for neoplastic disease. In 94 of the collected cases in 
which a statement was made concerning the outcome, 38 patients 
recovered and 56 (59.5 per cent) died. Of 15 of our patients, 7 
recovered and 8 (53.3 per cent) died (fig. 10). In the total of 109 
cases, including the collected series and our own cases, 45 patients 
recovered and 64 (58.7 per cent) died. In 52 of the collected cases in 
which the sex was stated, there were 38 male and 14 female patients. 
Of our 15 patients, 12 were males and 3 females. In the entire group 
of cases there were 50 (74.6 per cent) male patients and 17 (25.3 per 
cent) female patients. The age incidence for the collected cases and 
our own cases in which a total pneumonectomy was done was as follows: 
from 0 to 9 years, 2 (2.9 per cent); from 10 to 19 years, 2 (2.9 per 
cent); from 20 to 29 years, 2 (2.9 per cent); from 30 to 39 years, 8 
(11.9 per cent) ; from 40 to 49 years, 25 (37.3 per cent) ; from 50 to 
59 years, 24 (35.8 per cent), and from 60 to 69 years, 4 (5.9 per cent). 
Of 70 cases in which the site involved was stated, the left side was 
involved in 37 (52.8 per cent) and the right in 33 (47.1 per cent). Of 
53 cases in which the involved lobe was stated, the upper lobe of the 
right lung was involved in 9 (16.9 per cent) ; the upper lobe of the left 
lung, in 14 (26.2 per cent); the lower lobe of the right lung, in 15 
(28.3 per cent) ; the lower lobe of the left lung in 10 (18.8 per cent), 
and the middle lobe of the right lung in 5 (9.4 per cent). Of the 33 
patients with lesions on the right side, 12 recovered and 21 died (63.6 
per cent). Of the 37 with lesions on the left side, 17 recovered and 20 
died (54 per cent). This is of importance because, as we have empha- 
sized in previous publications, it is our opinion that a pneumonectomy 
on the left side is relatively easier than one on the right side because 
of the presence of the azygos vein in the latter instance. In 24 cases 
in which massive ligation was done, 5 patients recovered from the opera- 
tion (20.8 per cent), and 19 died (79.1 per cent). One of these patients, 
however, subsequently died of metastases, and it is fair to assume that 
if massive ligation had not been done, this death might have been pre- 
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vented, leaving 4 who recovered (16.6 per cent) and 20 (83.3 per cent) 
who died after massive ligation. In 54 cases of total pneumonectomy for 
pulmonary neoplasm in which individual ligation of the hilar structures 
was done, 25 patients (46.2 per cent) recovered and 29 (53.7 per cent) 
died. This illustrates the advisability of using individual ligation not 
only because a much more radical procedure can be done but because 
the mortality rate is definitely lower. Of the 45 patients who recovered, 
8 have subsequently died (6.8 per cent of the entire group). These 
were reported as follows: by Archibald, 1 ; by Churchill, 2; by Crafoord, 
1; by Overholt, 3, and by us, 1. In 104 cases in which the type of 
neoplasm was stated, there were 97 (93.2 per cent) carcinomas, 2 (1.9 
per cent) metastatic melanomas, 1 (0.9 per cent) metastatic sarcoma 
and 4 (3.8 per cent) primary sarcomas. Of the 51 cases in which the 
cause of death was stated, there were 20 (39.2 per cent) in which it 
resulted from infection and pneumonia; 12 (23.5 per cent) in which it 
was due to cardiac failure and pulmonary edema; 7 (13.7 per cent) in 
which it was due to hemorrhage ; 5 (9.8 per cent) in which it was caused 
by metastases; 4 (7.8 per cent) in which thrombosis and embolism 
were the cause, and 1 each (1.9 per cent) in which it was due to shock, 
peritonitis and asphyxia. 
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Obstruction is a major and grave complication of gastric surgical 
procedures. Always serious and frequently calamitous, it ranks in impor- 
tance second only to marginal ulcer and its sequelae. It is difficult to 
state with what frequency this complication occurs, for in contrast to the 
early days of surgery, the complication is today passed off as occasional, 
and few surgeons have recorded and published their figures. That the 
incidence is more than “occasional’’ is evidenced by the continuous shift 
in choice of procedures from one type of operation to another in an 
endeavor to avoid the grave consequences of its occurrence. Indeed, many 
surgeons at the moment have reverted to unions of the antecolic type,’ 
and there is an increasing tendency toward more radical measures, with 
resection of more or less of the stomach with or without entero- 
anastomosis. However, all surgeons are compelled at times to resort 
to gastroenterostomy of either the antecolic or the postcolic type when 
more radical surgical treatment is not feasible. Regardless of the method 
employed, even in the hands of the most skilled surgeons * occasional 
cases of obstruction are met with, and one may well ask how frequently 
this occurs with the less gifted or the occasional operator. As knowledge 
of the frequency of this complication is unsatisfactory, so too is knowledge 
of its mortality. We would hazard a guess, in view of the apparent 
lack of uniformity of treatment throughout the United States, that it is 
perhaps comparable in percentage to that of acute appendicitis. 

Obstruction is probably more common after gastroenterostomy than 
after some of the more radical procedures. In those operations in which 
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the end of the stomach is anastomosed directly to the jejunum, the stoma 
tends to open when the stump of the stomach is distended and can accom- 
modate itself more readily to the available space than in the case of a 
gastroenterostomy. In the discussion that follows, gastroenterostomy js 
used as a type operation, not because we think it a preferable means of 
treating lesions of the upper alimentary tract but because all of the causes 
of obstruction may be associated with it. 


CAUSES OF OBSTRUCTION 


Obstruction after gastroenterostomy may occur from one or more of 
the following causes: 


An Improperly Placed Stoma.—Although there have been differences 
of opinion among surgeons as to the exact line of the anastomosis in a 
gastroenterostomy, we agree with Eusterman and Balfour® that the 
position of choice is at the most dependent part of the stomach and that 
the long axis of the stoma should lie nearly at right angles to that of 
the stomach (fig. 1 4). On completion of the operation the distal portion 
of the jejunum should be in contact with the greater curvature and should 
point toward the left hip. Unless care is exercised, malposition may 
occur, especially if gastric dilatation is present, for this makes it difficult 
to ascertain which portion of the stomach will be more dependent when 
the upright posture is assumed. Furthermore, as the approach is so often 
in the midline and as the greater part of the stomach lies to the left, it is 
not uncommon for the surgeon to find that his anastomosis lies much 
nearer to the pylorus than he had anticipated. 


A Stoma Too Small in Itself or So Narrow of Attachment as to 
Produce Acute Angulation of the Jejunum.—The stoma may have been 
initially made too small or rendered so either because the stomach was 
dilated at the time of operation and later contracted or because an unusual 
amount of the tissue was inverted during suture of the anastomosis. 
When the stoma is wide, a longer segment of intestine is in actual contact 
with the stomach; the limits of the attached loop are more widely 
separated, and the angulation is more obtuse. There is therefore less 
likelihood that one loop will become distended and compress the other or 
that kinking or rotation will occur. 

The uniformly excellent function following subtotal gastric resection 
when the entire end of the stomach forms an extremely large stoma has 
resulted in less emphasis being placed on the question of too sudden 
emptying of the stomach. It is the small, not the large, stoma which gives 
trouble. 


3. Eusterman, G., and Balfour, D. C.: The Stomach and Duodenum, Philadel- 
phia, W. B. Saunders Company, 1935, pp. 305, 308 and 310. 
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A Proximal Loop of Excessive Length or of Such Shortness as to 
Obstruct with Changing Position of the Stomach.—The establishment 
of the so-called vicious circle through the overfilling of an unduly long 
proximal loop and the production of intermittent obstruction is now well 
known. An excessively short loop may produce much the same symp- 
toms.* A stomach empty and contracted may lie high in the epigastrium 
at operation. When filled it may sag toward the pelvis, and if the proxi- 
mal loop is too short to accommodate the changing position of the stomach 
the anastomosis, dragged on, may be twisted, kinked and obstructed. 


A Rigid and Short Mesocolon Which Fails to Stretch on Filling of 
the Stomach.—The importance of the transverse mesocolon in the success 
or failure of a gastroenterostomy is still not fully appreciated by many 
surgeons. As a rule the mesocolon is thin and pliable and accommodates 
itself to the changing positions of the stomach. On occasion it is naturally 
thick and resistant or has become rigid from fatty deposit or inflamma- 
tion. If trouble is to be avoided under these circumstances the opening 
in the mesocolon must be made unusually large and the stomach drawn 
well through and firmly sutured in this position. Otherwise, as the 
stomach fills and its walls straighten out the anastomosis may be pulled 
up and become obstructed. The rigid, short mesocolon is, in the opinion 
of Balfour, unsuitable for posterior gastroenterostomy. 


Inadequate Fixation of the Stomach to the Mesocolon and Internal 
Hernia.—Obstruction from herniation of a part of the anastomosis or of a 
distal loop of intestine into the lesser sac when the fixation of the meso- 
colon to the stomach is inadequate has long been recognized. 


Adhesions About the Stoma.—Adhesions in the region of the stoma 
due to peritoneal soiling, leakage or trauma may cause cicatrization 


resulting in obstruction, which becomes manifest late in the period of 
convalescence. 


Pressure of the Middle Colic Artery—McCaughan and Coughlin,‘ 
in reporting a case, pointed out that if the opening in the mesocolon is 
made to the right of the middle colic artery this vessel may produce 
obstruction by pressure on the two limbs of the anastomosed jejunum. 


Marginal or Jejunal Ulcers At or Near the Stoma.—The edema 
accompanying gastrojejunal or jejunal ulcers and the contraction which 
follows may produce partial or complete obstruction. Experimentally 
we have observed in the dog after gastroenterostomy the presence of 
ulcers on and about the stoma only in those cases in which a continuous 


nonabsorbable suture had been employed, findings similar to those 
reported by Wilkie ° many years ago. 


__ 


4 McCaughan, J. M., and Coughlin, W. T.: Surg., Gynec. & Obst. 65:824, 
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Adhesions Distal to the Anastomosis.—Adhesions about the abdomi- 
nal closure or elsewhere may give rise to all signs and symptoms of 
obstruction at the stoma. However, the onset of symptoms is usually 
delayed. 


H ypoproteinemia.—Recently Ravdin and Rhoads * have shown both 
clinically and experimentally that a protein deficiency may be responsible 
for edema and a lack of motility which produce obstruction. This, for the 
first time, offers a logical explanation for some of those cases in which 
at operation no mechanical difficulty has been found. 


Comment.—lIn anterior gastroenterostomy the mesocolon is eliminated 
as an element of trouble only to have the long loop of jejunum required 
for the anastomosis substituted for it, and, although an enteroanastomosis 
may prevent obstruction, it has the disadvantage of removing the neutral- 
izing action of the alkaline duodenal contents. 

It should be noted that all the factors enumerated as causes of obstruc- 
tion are, with the exception of distal adhesions, operative in the immediate 
vicinity of the anastomosis itself. Patients in whom obstruction develops 
can be divided into four groups: (1) those who have gastric retention 
immediately after operation but who are eventually relieved by conserva- 
tive treatment, which shows that the obstruction was due to edema and 
swelling ; (2) those who still have obstruction after seven to fourteen 
days of conservative treatment, which indicates that the obstruction is 
mechanical ; (3) those who have been able to take food satisfactorily dur- 
ing the early part of the postoperative period and subsequently show 
signs of obstruction (in such patients the obstruction is usually due to 
adhesions but occasionally may be adynamic), and (4) those who show, 
weeks or years after operation, either complete or incomplete obstruction 
caused by a marginal ulcer or its complications. 

Patients in groups 2 and 3, in which obstruction occurs late, present 
a problem of the greatest urgency. Often no exact diagnosis of the cause 
of the obstruction is possible. Roentgen examination is not helpful for, 
apart from the fact that the stomach fails to empty, no reason for the 
obstruction is obvious, in that the barium sulfate mixture fails to pass 
the stoma. Too frequently the abdomen is opened and, after considerable 
dissection, the stoma is exposed and found on palpation to be open and 
apparently satisfactory. The gravity of the patient’s condition compels 
the perplexed surgeon reluctantly to perform an enteroanastomosis or a 
jejunostomy, hurriedly closing the abdomen. The failure to make a 
diagnosis is due to the fact that at no time was it possible to observe the 
bowel during peristaltic effort. Of those patients heretofore subjected 
to operation it is not improbable, considering all cases, that 75 per cent 


6. Ravdin, I. S., and Rhoads, J. E.: §S. Clin. North America 15:85, 1935. 
Ravdin, I. S.: Surgery, 1:53, 1937. 
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have failed to survive, owing to the fact that either nothing has been 
accomplished or operation has been delayed too long. We believe that 
the following program should be carried out in the early stages of every 
obstruction and that if the patient fails to respond operation should be 
done immediately. 

TREATMENT 


Conservative Therapy.—Conservative measures consist of (1) gastric 
lavage (by the Robertson Ward method as popularized by Wangensteen 
or by use of the Miller-Abbott or the Abbott-Rawson tube) ; (2) careful 
calculation of the water balance, with maximum dextrose and limited 
salt; (3) administration of protein in the form of whole blood or blood 
serum (250 cc. or more daily) to combat hypoproteinemia ; and (4) feed- 
ings of thick gruel after the stomach has contracted and the dextrose, 
protein, salt and water balance is corrected. If these measures fail to give 
relief in seven to fourteen days for patients of group 2 (even earlier for 
those of group 3), the time depending on the patient’s general condition, 
we believe that reoperation should be done without delay. 


Operative Therapy.—tThe following procedures may be considered : 
1. The breaking up of adhesions which may be found distal to the 
anastomosis quickly relieves the obstruction. The release of adhesions 
near the stoma, however, frequently fails to give permanent relief. 
2. Enteroanastomosis below the stoma has proved disappointing as 
an emergency measure and besides provides conditions favorable to 
the development of a marginal ulcer. 3. Jejunostomy may be equally 
unsatisfactory, because there is no assurance that it will give relief, and 
it frequently superimposes a local obstruction or infection on an already 
serious condition. Moreover, in the light of the work of Ravdin and 
Rhoads ® it seems reasonably certain that patients who heretofore have 
been eventually relieved by this long and uncertain procedure can be 
cured within four or five days by the administration of protein. 4. Resto- 
ration by taking down the anastomosis and the more radical resections 
are procedures which few patients can be expected to survive. 5. Jejuno- 
plasty, the operation recommended in this paper, may be done. 


JEJ UNOPLASTY 


‘\ year ago * we proposed an operative procedure designed to relieve 
obstruction at the level of the stoma. It requires a minimal amount of 
operative handling and has given such effective and prompt relief that 
we believe it to be the operation of choice. 


a 1. Technic of Jejunoplasty for the Relief of Acute Obstruction—A 
Jejunoplasty is virtually the application of the principles of the Finney 
pyloroplasty to the two limbs of the jejunum at the site of the anastomosis. 


eS 


4. Hoag, C. L., and Saunders, J. B. de C. M.: Surg., Gynec. & Obst. 68:703, 
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When the abdomen has been opened and the possibility of obstruction 
from more distally placed adhesions has been excluded, the anastomosis 
is identified and brought into view. After the viscera have been carefully 
packed off, the proximal and distal limbs of the jejunum are placed side 
by side and their serosal surfaces sutured together for 2 to 4 em. 
(fig. 1B). An inverted U-shaped incision opening into both limbs of 
the jejunum is carried around the suture line just below the stoma 
(fig. 1B). The stoma is then under direct inspection (fig. 1 C). When 
it has been determined that the stoma is adequate and that no ulcer or 
faulty mechanics exist, the opening in the jejunum is closed as in the 
Finney pyloroplasty * or one of its modifications ® (figs. 1 C, 1 D and 2). 




















Fig. 1—A, stomach and posterior gastrojejunostomy. 8, a center point is 
selected and the jejunum on either side of the anastomosis is drawn parallel and 
united by interrupted silk sutures—the outer suture line. A horseshoe-shaped 
incision follows the lumen of the intestine and encircles the suture line. C, 
outer edge of the incision retracted, showing the stoma. Note the inner catgut 
interlocking suture line completing the posterior wall. D, inner catgut suture 
line carried to the anterior wall, completing the closure by use of the Connell 
stitch. 


3y this means a miniature secondary stomach, similar to that observed 
after gastroenterostomy or subtotal resection of old standing, is created. 
The septum between the two limbs is removed, and the double-barreled 


8. Finney, J. M. T.: Tr. Am. S. A. 20:165, 1902. Finney, J. M. T., and 
Hanrahan, E. C.: Am. J. Surg. 92:620, 1930. _ 
9. Finney, J. M. T.: Surg., Gyn. & Obst. 48:508, 1926; Surgery 2:748, 195/ 
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union becomes a single structure (fig. 3). In this way the stoma is freed 
of its dividing septum; the continuity of the jejunum is restored, and if 
any twist or compression of the jejunal loop existed it is corrected. 











Fig. 2—A, completion of the outer peritoneal suture line with interrupted silk 
sutures. B, sagittal section of the stomach, the stoma and the jejunum before 
jejunoplasty. C, picture after jejunoplasty. 
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Fig. 3—View of the anastomosis from within the stomach (a) before the 
Jejunoplasty and (b) after the jejunoplasty, showing how the septum has been 


split down, restoring the continuity of the jejunal lumen and creating a poten- 
tially larger stoma. 


2. Correction of the Excessively Short or Long Proximal Loop.—lf 
'¢ proximal loop of the anastomosis is found to be too short or too 
long, the error may be corrected to some extent by varying the relation 
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of the intestine (fig. 4). Maximal length in the proximal loop is gained 
by taking as center a point on the distal limb ; maximal shortening, when 
this point is on the proximal portion of the jejunum and is used entirely 
for the jejunoplasty. 

This procedure does not require the time or inflict the trauma incident 
to the breaking up of adhesions in an effort to expose the anastomosis, 

3. Variations of Technic in the Presence of Massive Adhesions —I{ 
it is not possible easily to identify both limbs of the anastomosis, the pro- 
cedure can be modified as follows: The distal limb of the jejunum is 
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Fig. 4—Sketch showing how the selection of a central point for starting the 
jejunoplasty will permit changing the length of the short loop and the resulting 
change in the lumen of the intestine. A, central point, with use of equal lengths 
of the proximal and distal part of the jejunum, shortened an equal amount. 8, 
the length of the short loop is not changed by reflecting the distal part of the 
jejunum against it. C, maximum shortening of the proximal loop obtained by 
using this loop entirely for the jejunoplasty. 


followed up to a point as near the anastomosis as is possible. A small 
longitudinal incision is made into the intestine, and a curved hemostat, 
a grooved lead probe or the little finger is introduced as a guide to 
determine the position of the anastomosis and the proximal intestine 
(fig. 5). The overlying adhesions are then divided and pushed back, 
and the intestine is opened over the guide, preferably by the use of 
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Fig. 5—Operation in the presence of massive adhesions. A longitudinal incision 
is made in the distal part of the intestine as close to the gastroenterostomy as 
possible. A curved hemostat, a lead probe or the little finger is inserted to deter- 
mine the direction of the intestine and the position of the stoma. 
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le to ; Fig. 6.—A, the intestine is split and the posterior edges are grasped with Allis 
.stine forceps to control the profuse hemorrhage. A center is selected for starting the 
back Jejunoplasty, and the internal catgut suture is started and used as a tractor. B, 


the external row of sutures is placed and the internal catgut suture continued as 
in the uncomplicated case. 
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scissors curved on the edge. As the intestine is split, the posterior edge 
is grasped by a series of Allis forceps to control the hemorrhage, which 
is usually profuse. The stoma is then inspected ; a center is selected for 
closure, and a double layer of sutures is then laid down as in the uncom- 
plicated case (fig. 6). 


ADVANTAGES OF THE OPERATION 


This operation can be completed with no more shock and with as 
much dispatch as an ordinary enteroanastomosis. It possesses, as well, 
the obvious advantages of direct inspection of the stoma, together with 
correction at the site of obstruction. The procedure should be much more 
valuable than the usual jejunostomy or enteroanastomosis and should 
carry no greater operative risk. 

The question may be asked as to the viability of the strip of jejunum 
lying between the incision and the original anastomosis. To determine 
the question of the circulation in this strip a large number of experimental 
operations were carried out on dogs. Occasionally there was a little 
cyanosis in this strip, but we found no necrosis or leakage in any instance 
when the gastroenterostomy had existed for seven days or more. Arterial 
injection in these animals indicated an adequate blood supply. However, 
as the strip is cut off from its primary blood supply, we recommend that 
the anterior suture line be routinely reenforced by the omentum as a 
precautionary measure. There is little danger of further obstruction 
from such reenforcement. 

We do not believe that the jejunoplasty will increase the hazard of 
jejunal ulcer, for the procedure is designed simply to increase the lumen 
of the jejunum and to correct the faulty initial anastomosis. The possi- 
bility of marginal ulcer always exists with any gastrojejunal anastomosis. 
It would appear to be greater in that group of patients in whom there are 
sufficient mechanical defects to produce stasis or obstruction. Relief 
from these conditions should offset any hazard of ulcer incident to the 
operation itself. Moreover, it seems preferable to run that risk, if it 
exists, for the assurance of a living patient, even though the patient, like 
others with a gastrojejunal anastomosis, may eventually have marginal 
ulcer. 

The relief afforded this group of patients with acute obstruction is 
striking and dramatic and is illustrated by cases to be reported. 


REPORT OF CASES 


Case 1 (group 2)—H. W. S., a man aged 37 years, with a long history of 
duodenal ulcer, had been under medical treatment for two and one-half years. 
Owing to severe pain and persistent vomiting, together with a 20 per cent retention, 
operation was decided on after a preliminary period of rest in bed and daily 
gastric lavage. 
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Operation was performed on Sept. 17, 1930. The duodenum was found firmly 
fxed to the pancreas by a posterior ulcer. A short loop posterior gastroenter- 
ostomy was carried out, no difficulties being encountered. From the beginning of 
the postoperative period the patient was unable to take any great amount of fluid 
or food and continued to vomit except when his stomach was kept clear by Robert- 
son Ward 2° suction. At the end of nine days a barium sulfate mixture did not 
pass, and it was evident that for some unknown reason the gastroenterostomy had 
failed to function. 

Secondary operation was carried out ten days later (September 27). There 
were few adhesions: the distal loop was free; the stoma seemed adequate from 
without, and no kink or other cause of obstruction could be discerned. Every 
patient seen under like circumstances, including 2 of our own, had died, and in 
these cases no satisfactory explanation was rendered by autopsy. In pondering 
the question, the relation of the jejunal loops suggested to one of us (C. L. H.) the 
application of the principle of the Finney pyloroplasty for the relief of obstruction. 
When the jejunum was opened, the stoma, owing to contraction of the stomach, 
proved to be only one-half the size of that originally made. As no other 
abnormality was found, the operation was completed. 

The patient was able to take fluids the next day and made an uneventful 
recovery. He had excellent relief from the original symptoms. He was not heard 
of again for two years, after which time he was operated on elsewhere for a 
ruptured appendix and died of general peritonitis. At autopsy a well functioning 
gastroenterostomy was demonstrated which could not be distinguished from that 
frequently seen long after the usual gastroenterostomy. The ulcer had healed. 


Case 2 (group 2).—C. H. L., 73 years of age, entered the hospital on Sept. 7, 
1937, with a history of persistent vomiting and loss of weight. Roentgen examina- 
tion showed an almost complete pyloric block, with a small niche on the lesser 
curvature, which was diagnosed as a probable carcinoma. Exploratory laparotomy 
on September 27 showed the stomach to be extensively infiltrated with carcinoma, 
which extended along the lesser curvature. No metastases were found. Because 
of the condition and age of the patient, a gastroenterostomy was done high on 
the posterior wall. He continued to vomit, and nothing passed through the gastro- 
enterostomy opening. 

On October 10 the abdomen was opened and a jejunoplasty was done as 
described. The patient’s stomach began to empty immediately, and he made an 
excellent recovery. He was discharged on November 4. 


Case 3 (group 3).—J. E., 62 years of age, after medical treatment for a 
duodenal ulcer for a number of years, had suffered repeated severe hemorrhages 
which could not be controlled by a well conducted medical regimen. At operation, 
on Noy. 9, 1934, the stomach was found to be large and atonic, the pyloric end was 
densely adherent posteriorly and could not be freed. About 6 cm. beyond the 
pyloric vein there was a large indurated mass with much surrounding inflammatory 
reaction. It was deemed advisable to exclude this ulcer by performing a sub- 
total resection of the Mayo-Polya type. The duodenal end was closed, and a 
gastrojejunal anastomosis was done by the postcolic route. The mesocolon was 
short, thick and very heavy; it bled easily. The entire open end of the stomach 

10. Ward, R.: Apparatus for Continuous Gastric or Duodenal Lavage, J. A. 


M. A. 84:1114 (April 11) 1925; California & West. Med. $1:395, 1929; Am. J. 
Surg. 8:1194, 1930. 
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Treitz. The mesocolon was carefully sutured to the stomach. The operation was 
completed without difficulty, and convalescence was excellent. 

The patient was taking food satisfactorily until the tenth day, when he suddenly 
started to vomit. For the next three days he vomited everything given him. A 
small barium sulfate meal failed to pass through the stoma. 

An emergency operation was performed on the thirteenth postoperative day, 
Numerous adhesions were found both in the duodenal region and about the stoma. 
The adjacent jejunum was covered with adhesions, which made it appear to be a 
part of the mesocolon. It seemed apparent that separation of the adhesions would 
be followed only by their reformation and further obstruction. A jejunoplasty was 
performed without further loss of time. The stoma was found to be adequate 
and not ulcerated. The jejunum, however, was densely adherent to the mesocolon 
for at least 4 cm. Recovery was uneventful, and the patient is now well except 
for an abdominal hernia. 


Case 4 (group 3).—W. K., 34 years of age, entered the hospital on Dec. 18, 
1934, complaining of symptoms of duodenal ulcer of eighteen years’ duration, for 
which a gastroenterostomy had been done elsewhere nine months before. The 
duodenal ulcer was cauterized. He was treated with a medical regimen until 
November 1935, when he again entered the hospital because of pain, weakness, 
fainting and hematemesis. 

A second operation, a Billroth II subtotal resection, was done on Dec. 20, 1935. 
As his gastroenterostomy was working satisfactorily and no marginal ulcer was 
present, a subtotal resection of the stomach, including the duodenal ulcer (but with 
the gastroenterostomy left) was performed. Two weeks later signs of obstruction 
appeared, which eventually became complete, as no barium would pass the gastro- 
enterostomy stoma. 

A third operation, a jejunoplasty, was done on Jan. 25, 1936, thirty-six days 
after the second operation. Exploration showed that the stomach had rotated in 
such a manner that the loops of the jejunum were twisted and obstructed at the 
stoma, apparently owing to the loss of the gastrohepatic ligament after the 
gastrectomy. A jejunoplasty was immediately done; the patient made a satisfactory 
recovery, and emptying of the stomach was again normal. He was relieved for a 
time but about a year and a half later began to show symptoms of a marginal 
ulcer. 

The fourth operation, a radical subtotal gastrectomy (Mayo-Polya) was done 
on Oct. 14, 1937. A marginal ulcer was found on the posterior wall of the 
jejunum, adjacent to the stoma. The patient made an uncomplicated recovery and 
is in excellent condition at the time of writing, with a total gastric acidity of only 
13. It is still too early to know what may happen next. If he should have 
another ulcer, as there is no more stomach to resect, it may be visualized if 
necessary through another jejunoplasty. 

In this instance a long-standing, perfectly functioning gastroenterostomy ceased 
to function after the distal end of the stomach was removed. It illustrates a type 
of mechanical obstruction in which there was nothing intrinsically wrong with the 
anastomosis, because it had previously functioned perfectly. It is not improbable 
that the same situation frequently occurs after an original gastroenterostomy, 
although no abnormality may be found at operation or autopsy. 
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[ETUNOPLASTY AS AN APPROACH TO MARGINAL ULCER AND 
FOR ENLARGEMENT OR CLOSURE OF 
THE GASTRIC STOMA 


Although some form of subtotal gastrectomy is now universally recog- 
nized as the method of choice for the treatment of gastrojejunal or jejunal 
ulceration which has failed to respond to medical treatment, we believe 
that when more radical surgical treatment is contraindicated jejunoplasty 
offers many advantages over any other method with which we are 
familiar. The jejunoplasty readily visualizes the ulcer, which may be 








Fig. 7—First part of the jejunoplasty complete (approach for the removal of 
a marginal ulcer). 


dealt with by excision or cauterization without disturbing the anastomosis 


and, more important, without the danger of narrowing the intestine or the 
stoma (fig. 7). 


Enlargement of Stoma (Gastrojejunoplasty)—When the stoma is 
found to be too small because of faulty technic or because of contraction 
in the presence of or after excision of a marginal ulcer, it may easily be 
enlarged as a final step in the jejunoplasty. This is accomplished by 
carrying a vertical incision through the stoma from the summit of the 
jejunal incision (fig. 8). A new center is chosen for closing the entire 
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Line of incision 
in jejunum. 


Fig. 8.—Enlargement of the stoma. The line of incision is carried from the 
incision across the stoma into the stomach. 


iT 











Fig. 9.—Gastrojejunoplasty to enlarge the stoma. The incision is carried across 
the stoma into the stomach. 





across 
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incision so as to interpose gastric tissue between the ends of the divided 
stomal ring. In closure more tissue is taken up on the longer side with 
each stitch (figs. 9 and 10). 

\n illustrative case is reported. 


Case 5.—A. A., a man aged 37 years, in 1924 underwent a posterior gastro- 
enterostomy because of a densely adherent duodenal ulcer. Six months later 
symptoms of marginal ulcer developed. Conservative treatment resulted in 
improvement. In 1929 a subtotal resection (Mayo-Polya) was carried out because 
of partial obstruction of the stoma by a jejunal ulcer and evidence of persistence 
of the duodenal ulcer. In November 1931 a second marginal ulcer developed, 
which was treated medically with varying relief. In January 1938 the patient 
returned, suffering from severe pain and 90 per cent retention. In February 1938, 














Fig. 10.—A, closure of the anterior wall of the jejunum and the stomach by 
staggering the suture line and interposing the gastric wall between the ends of 
the divided stoma to increase its size. (A longer stitch puckers the long side.) B, 
view of the stomal ring, showing how the increased size is obtained. 


at the third operation, dense adhesions were found about the stoma, colon and 
jejunum, The jejunum was distended proximal and distal to the anastomosis. 
On exposure of the stoma through the jejunoplasty incision, it was found to be 
very small and contracted, with a small ulcer on its posterior view. The ulcer 
was cauterized, and the stoma was enlarged by means of the gastrojejunoplasty. 
Convalescence was uneventful, and there is no retention. 


Closure of the Stoma.—In rare instances, because of recurring jejunal 
ulcer, it may be thought desirable to close the stoma and restore the 
original continuity of the bowel rather than to subject the patient to a 
subtotal gastrectomy. The jejunoplasty incision permits this restoration 
without the arduous dissection or resection which may be necessary to 
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undo the anastomosis. The stoma is delivered into the jejunostomy 
incision. The mucous membrane of the ring margin is excised. The 
margin of the gastric mucous membrane and the muscularis mucosa js 
dissected free until it can be conveniently united across the stoma by 
means of a double row of sutures everting the mucous membrane into 
the stomach (fig. 11). The muscle layers of the stomach and the jejunum 
are then brought together with interrupted silk sutures placed at right 
angles to the long axis of the original opening. These sutures do not 
penetrate the jejunal mucosa, which is usually so well approximated as 
to require no further suture. Closure is greatly facilitated by the 














Fig. 11—Complete closure of the gastric stoma from within the intestine 
(approach and closure as in figures 1 and 2). The mucous membrane covering 
the rim of the stoma is excised, exposing a wall made up of: (1) the muscularis 
mucosa of the stomach; (2) the combined muscle of the stomach and jejunum, 
and (3) the mucous membrane of the jejunum. The muscularis mucosa is detached 
from around the stoma and everted into the stomach by a Connell stitch of catgut. 
The muscular layer is closed with interrupted silk in the direction in which the 
stoma was originally made. These stitches approximate but do not penetrate the 
firmly attached jejunal mucosa, which falls together as the muscle is approximated 
and usually does not require a separate suture. 


assistant’s placing a hand behind the stomach and fully delivering the 
stoma into the field. The jejunoplasty is completed. Wherever closure 
is contemplated, it is essential to plan for a sufficiently long anastomosis 
of the jejunum to prevent the stitches about the closed stoma from 
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encroaching on the lumen of the intestine. Under all other circumstances 
the anastomosis should be as short as is consistent with the correction of 
the mechanical difficulty, so that the alkaline duodenal excretions will 
continue to bathe the stoma and so minimize the hazard of jejunal 
ulceration. 

There has been considerable discussion as to just how jejunoplasty 
relieves obstruction. Clinically we believe that the condition presented 
is not unlike that of a double-barreled colostomy. Little or no intestinal 
contents may pass down the distal loop. If the septum in divided by a 
spur crusher it is almost impossible to prevent the fecal stream from 
passing downward. This is due not only to the restoration of the con- 
tunity of the intestine but to the fact that the peristaltic waves are passed 
on to the distal segment. 

Experience has shown that if at least seven days has elapsed after a 
gastroenterostomy or other anastomosis, the circulation of the jejunum 
is adequate so that a jejunoplasty can be safely done. 


SUMMARY AND CONCLUSIONS 


Obstruction following gastrojejunostomy or subtotal gastric resection 
may be due to one of some ten causes, which are discussed. 

The analysis and conservative treatment of obstruction due to certain 
of these causes are outlined. 


The operative treatment and the position which jejunoplasty occupies 
in this treatment are discussed. 

Suggestions are offered as to the value of jejunoplasty in cases of 
acute perforated marginal ulcer and the chronic obstructions. 

We wish to state that we do not expect jejunoplasty to be a substitute 
for partial gastric resection in the treatment of marginal ulcer. We 
think, however, that it will be of value when, for any reason, the latter 
operation is contraindicated. It should be of special value when a mar- 
ginal ulcer has developed after gastric resection and occasionally in the 
closure of a perforated jejunal or gastrojejunal ulcer, in which it is so 
important to relieve any associated obstruction or to avoid producing an 
obstruction in closing the perforation. 


We feel that jejunoplasty is a life-saving measure in cases of acute 
obstruction which fails to respond to conservative therapy and requires 
reoperation. In addition, it would seem to be the operation of choice in 
that it restores and retains, with the minimum of surgical handling, 
conditions favorable to the eventual welfare of the patient by correction 
and mechanical perfecting of the initial operation. 
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ABSTRACT OF DISCUSSION 


Dr. ArtHur W. ALLEN, Boston: Malfunctioning stoma is not as common as 
it used to be. There are various reasons besides those that Drs. Hoag and Saunders 
have pointed out. Today the patient is better prepared; operative technic is better, 
and there is a better and more careful selection of the operation in the individual 
case. Probably the greatest single factors are the increasing knowledge of bio- 
chemistry and the correction of biochemical faults both before and after operation, 

The operation which Drs. Hoag and Saunders have advocated is ingenious 
and undoubtedly will find a place in the treatment of malfunctioning stoma, possibly 
in the management of marginal ulcer. I believe, however, that although this 
operation is far superior to enteroenterostomy between the two limbs of a gastro- 
enterostomy stoma it may have some of the same disadvantages. All who have 
investigated malfunctioning stomas have been aware of the tremendous reaction 
in the operative field and the tremendous amount of dissection necessary to expose 
the limbs of the anastomosis. Strangely enough, the patients, probably because 
they have become tolerant to surgical treatment owing to their previous operations 
or because their peritoneal cavities have been immunized to some extent, stand this 
sort of procedure surprisingly well, and the mortality associated with “messing 
around” in this region is not as great as one would expect. 

The thing that bothers me is that one is undoing or upsetting a carefully 
planned procedure which one has done before, and if the results of that procedure 
are changed too much by any subsequent operation, the end result is not what 
one hopes it may be. Death may not occur, but there may be a situation which 
will be conducive to the same trouble encountered after enteroenterostomy, that is, 
ulcer at the stoma. 

I think that the Abbott-Rawson tube recommended in Philadelphia, particularly 
by Dr. Ravdin, put down through the stoma into the distal limb of the jejunum, 
through which the patient may be fed early after operation, should be mentioned; 
it is a very important instrument which can be used for a badly depleted patient 
whom one wishes to feed immediately or as soon as the stage of physiologic ileus 
has passed. One can accomplish this early feeding by a jejunostomy at the time of 
operation, but the tube, I believe, eliminates the necessity of a jejunostomy at 
the time of operation. This tube, however, does not help in the type of case 
which Drs. Hoag and Saunders have described, which I believe presents an impor- 
tant surgical problem. 

I have done a number of jejunostomies to feed patients with malfunctioning 
stomas, and I shall summarize the case records of 3 of these patients. 

The first was a man 64 years of age. He had an obstructing duodenal ulcer 
of long standing, with chronic nephritis. He had an extremely thick, fat transverse 
mesocolon. He had an enormous omentum. I did not feel that I was justified in 
doing a gastric resection. I thought that the patient should be treated by gastro- 
enterostomy. A gastroenterostomy was done. There was failure of function because 
of persistent obstruction. Nine days after the gastroenterostomy a jejunostomy 
was done, and twenty-five days after the gastroenterostomy he was able to pass 
material through the stoma. Thirty-five days afterward he was discharged in good 
condition. He was well and had no symptoms six months later. 

The second patient had had recurrent severe massive hemorrhages. He had 
been operated on ten years previously by the late Dr. D. F. Jones, who had done 
almost exactly the same operation which Drs. Hoag and Saunders have described, 
ending with a two limb gastroenterostomy stoma which Dr. Jones called the pants- 
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lee gastroenterostomy. This patient continued to bleed. He did not have a jejunal 
ulcer, which is in favor of the contention of Drs. Hoag and Saunders, but he had 
severe gastritis and repeated massive hemorrhages due to this condition. 

I did a subtotal resection, but there was failure of function. Twelve days 
afterward I did a jejunostomy, and I had to use a great deal of self control 
to wait forty-two days for. that to function, but it functioned perfectly. He is well 
and asymptomatic, and he has the kind of anastomosis that I intended for him to 
have in the end. 

This man had to have a posterior anastomosis owing to the fact that his 
jejunum had an extremely short mesentery, and I felt that in spite of the fact that 
he had a torn-up, thready mesentery in his mesocolon the posterior anastomosis 
would be better. That is the reason he had malfunction. 

This shows how careful one must be in doing a jejunostomy. I have made all 
of the mistakes in doing jejunostomies for feeding both before and after operation. 
A long whistle tip no. 16 French catheter is put into the jejunum, which has been 
exposed through a good incision to determine the exact loop of the jejunum which 
will lie comfortably in the left upper quadrant of the abdomen. The catheter is 
held by two simple purse string sutures, and a little omentum is put around it. 
The catheter is not fixed to the abdominal wall except by a suture passed through 
the edge of the skin. I have seen jejunostomies of this type, performed for feeding, 
junction for months in cases of cancer of the stomach. 

The third patient was a man aged 42 who should have had a resection. He 
had a huge ulcer of the duodenum, which was badly infected. I did a gastro- 
enterostomy. There was failure of function. Eight days afterward I did a 
jejunostomy, and function began thirty days after the original operation. The 
patient is well six months later. 

These 3 instances illustrate how long one may keep a jejunostomy functioning. 

Dr. Howard Clute, of Boston, has permitted me to mention a patient of his, 
a man on whom he did a jejunostomy for feeding twenty days after a subtotal 
gastrectomy with malfunction, Thirty-nine days after the original operation this 
stoma functioned perfectly, and the man has remained well. 

Dr. Roscoe Graham, of Toronto, Canada, has had a similar case, in which 
restoration of function took thirty-five days. 

When one considers how well one can manage a jejunostomy, take the fluid 
aspirated from the stomach through a Levine tube, and feed the patient properly 
through the jejunostomy, one realizes that the stoma will eventually function. 

Dr. E. E. Muncer Jr., Spencer, Iowa: My question concerns the use of the 
duodenal tube in gastric operations. I have employed it with satisfaction in the 


Billroth I resection, in which, owing to the peculiarity of the suture line, I have 
felt that there is even greater indication for its use than in the gastrojejunostomies. 
I should like to have on record an opinion relative to this and also to know whether 
there is any recognized contraindication to this use of the duodenal tube. 


Dr. Howarp K. Gray, Rochester, Minn.: Undoubtedly, this type of operation 
s ol considerable value in many instances. There are certain conditions, however, 
in which it would seem impossible to apply this procedure, because of the tremendous 
amount of inflammation that may be found in the region of the jejunal loops. To 
perform this operation satisfactorily it is necessary to isolate and satisfactorily 
expose not only the two loops but that portion of the jejunum which is adjacent to 
the stomach. Occasionally the stoma may be retracted through the opening in a 
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markedly thickened transverse mesocolon, and under such circumstances it might 
be impossible to accomplish a satisfactory operation such as Drs. Hoag and Saunders 
have described. 

Drs. Hoag and Saunders have mentioned particularly those cases in which there 
is intractable retention occurring immediately after operation. In my experience 
the patients in whom gastric retention develops immediately after operation are 
those who are less likely to progress satisfactorily by themselves, whereas the 
majority of those in whom retention develops on the ninth or tenth day are 
patients who will improve spontaneously provided positive water and electrolyte 
balances are maintained. 


Dr. Cart L. Hoac, San Francisco: Regarding jejunostomy for the relief of 
these obstructions, I agree with those who have spoken that if one could be 
assured that the bowel would function this would be the procedure of choice. How- 
ever, my experience has not been as satisfactory as that of Dr. Allan. I have 
had a number of these patients; 1 died with a massive infection of the abdominal 
wall and another of continued obstruction, the stoma never resuming function even 
though he lived thirty-five days. Although the records are significantly silent 
regarding such failures, I doubt that I am the only one to have had them, 

Regarding the points brought up by Dr. Gray about the technic of jejunoplasty, 
of course the more experience one has the easier it becomes. It is not necessary 
to break up all the adhesions about the anastomosis if there are many. We identify 
the limbs of the intestine, open it as near the stoma as possible and then follow the 
lumen of the jejunum around, cutting and pushing aside only enough adhesions 
to permit approximation of the edges of the intestine. We pay no attention to the 
others, In every instance yet encountered this could be done with little difficulty. 

If one should be so unfortunate as to encounter a case in which the jejunum 
has been attached to the stomach with 180 degrees of rotation, this operation will 
take care of that situation as well, because we have demonstrated it experimentally 
on numerous occasions. 

We feel that we can say without reservation that, whatever the ultimate frequency 
of marginal ulcer may prove to be, this procedure will promptly relieve the obstruc- 
tion for which it was designed. 

There may be some doubts as to how frequently obstructions occur. Any one 
who had stood with me in my booth in the Scientific Exhibit for the past three 
days and had interviewed literally hundreds of physicians who are a cross section 
of the membership of this Association and who came in for unofficial consultation 
about this problem would have a better understanding of the frequency and serious- 
ness of this complication and would feel a little differently about some of the 
points expressed. 





Foreword to Article by Dr. Mohs 


[his paper presents a method for the treatment of carcinoma which is localized 
to an accessible region of the body. It does not give the answer as to the cause 
{ cancer, nor does it eliminate surgical intervention or radium or roentgen therapy 
in the treatment of the disease. The method is the result of eight years of work 
in the laboratory and four years of clinical experience, during which time well 
over 600 cases have been observed and the results of treatment carefully analyzed. 

The escharotic agent may be one of several, and the base may be one of many. 
Over two hundred different bases were studied, and many were suitable. The 
combination used may be varied, with equally good results. In the last analysis 
it is the method of control rather than the chemical agent itself that promises 
an advantage. 

The advantage of this treatment is that it is a refined, carefully controlled 
method. The diagnosis is always based on a histologic study of the tissue removed. 
The progress in its removal is controlled histologically; normal tissue is spared, 
and extensions of the carcinoma can be recognized and removed with some assur- 
ance of adequacy. It is not dependent on clinical judgment or on a rule of thumb. 
[he depth of action of the escharotic agent can be controlled by the thickness 
i the paste applied. Because of the resulting coagulation necrosis there is a 
minimal reaction, and no danger of disseminating either the tumor cells or an 
infection. 

The method presupposes certain qualifications of the prescribing physician. An 
accurate knowledge of gross, topographic, pathologic and histologic anatomy is 
essential for the application of the escharotic agent, and the recognition of the 
histologically normal and pathologic tissue must be ready if accuracy in the therapy 
is to be attained. 

This method, unless it is controlled as suggested, will be gross, crude and 
unrefined—no better than using a large soldering iron, sacrificing normal tissue 
and waiting to see whether metastases occur. From my clinical experience I con- 
sider this method a valuable adjunct in combating accessible cancers. It should 
be added to roentgen therapy, radium therapy and operation as another therapeutic 
weapon to this end. Time will assign to it the proper place and value. 

Erwin R. Scumipt, M.D. 
Professor of Surgery, University of Wisconsin. 


CHEMOSURGERY 
\ MICROSCOPICALLY CONTROLLED METHOD OF CANCER EXCISION 


FREDERIC E. MOHS, M.D. 
MADISON, WIS. 


The object of this study was to develop a method for removing 
accessible cancers under complete microscopic control. The only prac- 
tical way of obtaining this microscopic control involved the chemical 
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fixation of the suspected tissues in situ so that the fixed tissues could 
be excised layer by layer and subjected to thorough systematic micro- 
scopic examination as a guide to treatment. The materials and technics 
for producing fixation in situ were worked out in animals by Guyer 
and me.’ The main advantage of this chemosurgical treatment is that 
it enables the sure removal of a given cancer, including all its irregular 
and unsuspected extensions, with minimal destruction of normal tissue. 


IN SITU FIXATIVES 

In order to obtain accurate control of tissue fixation over a wide 
range of depths a special plastic fixative preparation was devised. For 
the fixative chemical itself zinc chloride was finally selected, not only 
because its excellent fixation preserves gross and microscopic tissue 
structure but because it is nontoxic, can be accurately controlled when 
incorporated in a suitable base and, moreover, since it has little effect 
on the intact skin, is safe to handle. 

The special base was designed to have (1) a low affinity for the 
fixative chemical, allowing its easy exit from the paste into the tissues, 
and (2) a capillary structure enabling passage of the chemical from all 
levels of even very thick applications, making possible regulation of 
the depth of fixation over a wide range by merely altering the depth of 
application. 

These properties were imparted to the base by the combination of 
two types of substances: (1) a “permeant,” a finely granular, insoluble 
material of mineral origin having little affinity for the solution of zinc 
chloride and providing multiple interfaces of correct size to produce 
high permeability, and (2) an “agglutinant,” an adhesive, cohesive, 
organic material of plant origin added in just sufficient quantity to keep 
the solution of zinc chloride from settling to the bottom of the container 
on standing. The following formula is satisfactory: 


Fixative Z—108a 
Stibnite, 80 mesh sieve 40.0 Gm. 


Sanguinaria canadensis.................... 10.0 Gm. 


Zinc chloride, saturated solution 34.5 cc. 


As was pointed out previously,’ this preparation produces excellent fx- 


ation, so that the microscopic structure of the tissues is retained with 
little change except for some cell shrinkage and concentration of cyto- 
plasmic and nuclear material. 


1. Mohs, F. E., and Guyer, M. F.: Pre-Excisional Fixation of Tissues in the 
Treatment of Cancer in Rats, Cancer Research, to be published. 
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TECHNIC 


Though the proper type of fixative is invaluable for controlled fix- 
ation, the essential feature of the chemosurgical method lies in the 
microscopically controlled technic by which cancer tissue is removed. 

The main steps in the technic are: 1. Application of the fixative 
agent to the surface of the tumor, the dose depending on the penetra- 
tion desired. 2. Surgical excision of the fixed layer of tissue twenty- 
four hours later. 3. Location and mapping of the cancerous areas in 
relation to body landmarks by examination of microscopic sections made 
from the removed tissues. 4. Daily repetition of this process, only 
cancerous areas being treated, until a microscopically noncancerous 
plane is reached. These steps are more fully described in the following 
paragraphs. 

In preparing the surface of the tumor for the first application of 
the fixative, all loose crusts, scales and detritus are removed. To skin- 


TaBLe 1.—Depth in Millimeters of Penetration by Fixative Z-i08a 








Depth of Diameter of Area, Cm. 
Application, .—— - — SH 
Mm. 0.3 5 : ‘ 2.0 





2.1 
2.9 
3.8 
4.5 
5.1 
6.4 
7.8 
8.7 





covered areas a keratolytic, such as dichloroacetic acid, is applied, making 
it possible to scrape off the keratin, which otherwise would form a 
barrier to the zinc chloride. 

The fixative paste is then applied to the surface of the tumor. If 
the neoplasm is located in a favorable position and is not too large, it 
is often possible to calculate the dose so that the main mass of tumor 
can be removed twenty-four hours later. The depth of penetration 
depends mainly on two factors: (1) the depth of application of the 
fixative paste and (2) the area of application (table 1). 

There are, however, many additional factors which may alter pene- 
tration. Some types of tissue, such as heavily keratinized squamous 
cell carcinoma or heavily pigmented melanosarcoma, offer increased 
resistance to the passage of the fixative, owing to the high content of 
keratin and melanin respectively. Penetration along the longitudinal 
axis of a muscle bundle is greater than penetration perpendicular to 
this axis. Decreased circulation, such as that caused by radiation 
endarteritis, vascular occlusion or scarring, accelerates penetration, while 
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increased circulation, such as occurs with inflammation, reduces pene- 
tration. Secretions and exudates dilute the fixative, reducing penetra- 
tion. Non-air-tight dressings when the atmospheric humidity is low 
decrease penetration, owing to excessive withdrawal of water from the 
fixative preparation. The effective penetration through loose-knit tissue 
is less than that through firm tissues, owing to the greater capacity 
for swelling in the former. 


This multiplicity of factors influencing penetration makes experi- 
ence and constant practice important in the accurate control of fixation. 
In practice, penetration tables are not used, the dose being determined 
by a consideration of all the variables influencing penetration in a given 
instance. 


The applied fixative is held in place by a cotton dressing. Since 
alterations in atmospheric humidity alter penetration and since low 
humidity causes excessive hardening of the tissues, it is necessary to 
make the dressing air tight. This is done by covering the first layer 
of cotton with a second, spread with petrolatum. This is then securely 
taped in place. 


~ Penetration usually is complete in eighteen hours, but for convenience 
the fixative is left in place for about twenty-four hours. If the lesion 
is large or is in a highly sensitive region, there may be periods of dis- 
comfort. While most patients easily tolerate the stinging type of pain, 
it is customary to order an analgesic, which is to be given at the patient's 
request. 


At twenty-four hours the first layer of tissue is excised with a scalpel. 
Since the tissue has been killed and fixed, there is no pain from this 
operation. There are few if any bleeders, and when these are encoun- 
tered they are rapidly controlled by applying a small square of fixative- 
impregnated gauze under momentary pressure. By this means bleeding 
from arteries as large as the external maxillary and the superficial 
temporal artery can readily be stopped. 


At the first excision the grayish white, caseous cancer tissue 1s 
usually grossly detectable, so only a specimen for histologic diagnosis 
is sectioned (fig. 1A, first excision). Another application of the fixative 
is then made, in a dose dependent on the depth of fixation desired. 


If at the next excision it is considered possible that most of the cancer 
may have been fixed, a layer of tissue is excised in such a manner that 
frozen sections may be made and the entire plane studied microscopically 
(fig. 1 A and B, second excision). Areas of cancer thus found are located 
on maps drawn both on paper and on the lesion itself (with mercuro- 
chrome or india ink). The lesion is kept moist for the few minutes 
required to prepare and examine the frozen sections. Then fixative 1s 
applied to the areas proved still to contain cancer. 
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The following day the fixed tissues are again excised and subjected 
to microscopic study. The process is then repeated until a completely 
noncancerous plane is reached. 

From three to nine days is required for the remaining thin layer of 
fixed tissue to separate. Often it is necessary to cut the heavier fibrous 
strands causing adherence of this tissue. Blood vessels heal across, 
and therefore bleeding rarely occurs. The upper surface of this layer 
may also be sectioned if the occasion demands. 

The granulation tissue exposed as the final layer of fixed tissue 
separates is remarkably vascular and is highly resistant to infection. 
The lesion at this stage is dressed with scarlet red—oxyquinoline sulfate 
gauze, as described by Bettman.* Defects quickly fill in, and epitheliza- 
tion is surprisingly rapid. The resulting scars are soft and pliable. The 


FIRST EXCISION 


CANCER GROSSLY VISIBLE 


SECOND EXCISION 


CANCER GROSSLY INVISIBLE 


THIRD EXCISION 


Fig. 1—Diagrams showing the technic for locating cancer microscopically during 
the course of extirpation. The shaded areas represent cancer. A, side view of the 
lesion, showing deep extensions (a, b and c), and the four planes of incision. B, 
map of the top view of the second excised layer, showing how the deep extensions 
(a, b and c) are located microscopically by examining the sections made through 
the under surface of each specimen. In this example four excisions were required 
to reach a completely cancer-free plane. 


area remains pink for several weeks and then fades out to approximately 
the color of the surrounding skin. 


INDICATIONS FOR CHEMOSURGERY 

. Any neoplasm which is readily accessible from the surface of the 
OX dy or which can be reached through a normal, a pathologic or an 
artificial orifice may be treated chemosurgically if a technic can be 
devised to hold the fixative preparation in place. Of course, involve- 
ment of vital structures or distant metastasis may be contraindicatory 


2. Bettman, A. G.: A Simpler Technic for Promoting Epithelization and 
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tecting Skin Grafts, J. A. M. A. 97:1879 (Dec. 19) 1931. 
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factors. Brief consideration of the more important lesions which may 


be treated follows. 


Carcinoma of the Nose.—Nasal carcinoma of both the basal cell and 


the squamous cell type frequently shows a deep-growing, invasive type 

















Fig. 2.—A, squamous cell carcinoma, grade 2, involving almost the entire nose 
and the adjacent cheeks. There was a metastatic nodule near the left inner 
canthus. B, microscopic appearance of tissue fixed in situ (upper three fourths of 
photomicrograph) as compared to tissue fixed in vitro in Bouin’s solution (lower 
one fourth). Zine chloride fixation produces cell shrinkage with resultant inter- 
cellular clefts, increased nuclear basophilism and pyknosis and increased cytoplasmic 
eosinophilism. C, appearance of the defect six months after removal of the primary 
and metastatic lesions. D, prosthetic nose indicated because of advanced age 
(91 years). The patient remains free from cancer after four and one-half years. 
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on the one hand and the lip and cheeks on the other. Moreover, the 
similarity in consistency of the fibrocartilaginous nasal tissue and cancer 
tissue makes their distinction by palpation difficult. These circum- 
stances make impossible a diagnosis of the true extent of nasal carci- 
noma by ordinary examination. Hence, the microscopic control afforded 
by the chemosurgical technic makes for an unprecedented certainty of 
removal with a minimum of destruction of normal tissue. Of course, 
the destruction of the full thickness of the nasal walls results in a 
corresponding defect (fig. 2), but usually it is possible to avoid penetra- 
tion through the nasal mucosa, and the cosmetic results are then 


of spread. This is especially true in the fusion planes between the nose 

















Fig. 3.—A, basal cell carcinoma measuring 14 by 16 mm. The white atrophic 
scar near the inner canthus resulted from radium treatment of a 6 mm. basal cell 
carcinoma five years previously. B, granulation tissue immediately after separation 
of the final layer of fixed tissue. Four days of chemosurgical treatment was required 
to reach a microscopically noncancerous plane. C, condition two months after 
treatment. The patient remains free from cancer after one and one-half years. 


excellent (fig. 3). Septal and intranasal neoplasms may require the 
use of nasal packing and special dressings to keep the fixative in place. 


Carcinoma of the Ear.—Aural cancer practically always comes in 
contact with a sheet of cartilage at an early stage, and, although cancer 
spreads readily along the perichondrium, it is unusual for it to penetrate 
through a layer of cartilage. This circumstance facilitates chemo- 
surgical treatment, since it is necessary simply to remove all tissues 
down to the cartilage and then carry fixation peripherally until non- 
cancerous sections are obtained. A layer of cartilage is then removed 
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with the final layer of fixed tissue, and healing takes place with little 
defect (fig. 4). 

If the cancer extends through the cartilage, the defect is usually 
grossly visible, and it is then necessary to carry fixation to the other 
side until noncancerous sections are obtained. Cancers extending inward 
along the canal may be followed in to the middle ear if necessary. 


Carcinoma of the Eyelid.—This form of cancer is especially amenable 
to chemosurgical treatment, mainly because in this location it is impor- 








Fig. 4.—A, squamous cell carcinoma, grade 2, involving the outer surface of 
the ear. B, condition three months later. There is no evidence of cancer after 
three and one-half years. 


tant to save a maximum of the surrounding normal tissue. The 
accurate control of fixation plus the protective reactions of tearing, 
chemosis and edema make it possible to remove portions of an eyelid 
or even an entire eyelid without damaging the eyeball. Healing occurs 
with surprisingly little defect (fig. 5) unless the lesion has extended 
deeply into the orbit, in which case corresponding defects occur (fig. 6). 
In extensive lesions it is common for the cancer to follow along the 
periosteum far into the orbit, and sometimes it extends through the 
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Fig. 5—A, squamous cell carcinoma of the lower lid, including 3 mm. of the 
palpebral conjunctiva. 8B, condition after separation of the final layer of fixed 
tissue, eight days later. C, condition three months later. The patient remains 
free from cancer after one year. 




















Fig. 6.—A, basal cell carcinoma, kept in check superficially for ten years by 
numerous radium treatments. B, condition at completion of active treatment, show- 
ing the extensive deep spread of the cancer. Edema and chemosis are evident. The 
lmsert is a reconstruction of the actual mass of cancer, demonstrating the irregular 
extensions along the inferior and medial walls of the orbit, into the upper lid, onto 
the nasal bone and into the lacrimal fossa. C, defect three months later. There 
Was no impairment of vision, but exposure of the conjunctiva required plastic repair 
ot the lower lid. The patient remains free from cancer after two years. 
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bone into the maxillary, ethmoid or frontal sinuses. Under such cir- 
cumstances it is necessary to remove the eye and carry fixation to a 
completely cancer-free plane. 

Neoplasms of the Face-——These require no special consideration 
except for mention of the type of healing to be expected in various loca- 
tions. Lesions of the forehead, even when very large, heal with little 
defect, although if they are near an eyebrow some retraction may occur 
(fig. 7). Lesions of the cheek heal well unless they are very deep, in 
which case slight puckering around the scar may occur. Lesions on 
the side of the neck heal with a narrow linear scar, which usually is 
barely visible. 











Fig. 7,—A, squamous cell carcinoma, grade 3, involving the temporal region and 
extending into the upper eyelid. B, condition fifteen days later; note the granula- 
tions following separation of the final layer of fixed tissue. C, condition one year 
later. Scar contraction caused some retraction of the upper lid. The patient shows 
no evidence of cancer after three years. 


Carcinoma of the Lip.—This requires special care in applying dress- 
ings because of the constant movement and because of wetting by saliva 
and fluids. The orbicularis oris muscle affords a moderate degree of 
resistance to the spread of carcinoma, and the minimal amount of tissue 
removed by the chemosurgical technic allows healing with excellent 
cosmetic results (fig. 8). If in very extensive lesions too much lip is 
removed for good function, an immediate, simple plastic repair is 
desirable (fig. 9). 

The danger of metastasis from cancer of the lip is an important 
consideration, especially with large or anaplastic lesions in which sur- 
gical resection of at least the submental and submaxillary nodes 1s 
indicated. If the nodes are already involved but are still freely mov- 
able, ordinary surgical resection is practiced. If the nodes are fixed 
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to the mandible and other surrounding structures and if the cancer has 
not demonstrably extended beyond the submental and submaxillary 
regions, it has been found effective to remove these nodes chemo- 
surgically. 

Neoplasms of the Parotid Gland.—These, including both carcinoma 
and mixed tumor, are excellent subjects for chemosurgical treatment, 
since sure removal of the tumors is accomplished with a maximum 
chance of saving the facial nerve. Carcinoma in the lower part of the 
gland usually can be removed with little or no nerve involvement 
(fig. 10), while lesions higher in the gland are more apt to eventuate 
in some degree of facial paralysis. Parotid fistulas may occur, but 
they invariably close promptly. The lack of encapsulation and irregular 

















Fig. 8.—A, squamous cell carcinoma, grade 2, of the lower lip. B, condition 
seven days later, immediately after the final layer of fixed tissue was removed. C, 


condition one month later. The patient remains free from cancer after two and 
one-half years. 


extension of the neoplasms of the parotid gland make the microscopic 


control of the chemosurgical method an invaluable factor in assuring 
complete removal. 


Carcinoma of the Mouth.—This is amenable to chemosurgical treat- 
ment only when a suitable means for holding dressings in place can 
be devised. Cancers involving the palate and the upper alveolar ridge 
are easily treated chemosurgically with the aid of dental prostheses. 

Carcinoma of the Extremities——This most often involves the hands, 
though no part is immune. It is especially desirable to save as much 
as possible of the substance and function of the hands. By the chemo- 
surgical method even extensive lesions which involve the bones and 
which ordinarily would require amputation may be removed with the 
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preservation of much useful function. The great variation in tissye 
arrangement and structure in the hand makes for great irregularity in 
outline of the tumor, so that the microscopic control is an invaluable 








Fig. 9.—A, squamous cell carcinoma of the lower lip, recurrent after radium 
irradiation and operation. B, condition immediately after separation of the final 
layer of fixed tissue. C, condition three weeks later. The lesion had healed, but 
there was insufficient structure for good function, so immediate plastic closure was 


made. D, condition four months later. There is no evidence of cancer after three 
years. 


advantage. The frequency of metastasis from squamous cell carcinoma 
of the hand requires careful consideration of the cubital and axillary 
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nodes. The latter are amenable to chemosurgical removal if those 
i affected are limited to the lower part of the axilla, but if they are too 
, close to the axillary vessels the procedure is usually contraindicated. 
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final Fig. 10.—A, carcinom i i i 

| but g. W.—A, a of the parotid gland, showing an infected ulcerated 
ae protrusion irom the main tumor mass, which was deeply situated. B, condition 
‘a three weeks later, at which time a completely cancer-free plane had been reached at 


a depth of 2.3 cm. below the level of the skin. C, condition six days later, showing 


how rapidly defects fill in and close in after chemosurgical treatment. D, condition 
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Lesions on the soles may be removed, but if weight-bearing suriaces 
are involved the resulting scar may cause a moderate degree of dis- 
comfort on walking. 


Carcinoma of the Penis.—This may be treated chemosurgically with- 
out obstruction to urinary flow either by the swelling during treatment 
or by scar contraction later. The entire prepuce and a rim of the glans 
were removed in 1 case without resultant obstruction. 

















Fig. 11.—A, basal cell carcinoma, persistent after two years of radium treat- 
ment, involving the buttock, the anus and the lower part of the rectum. 8, con- 
dition after removal of the final layer of fixed tissue. C, condition four months 
later. The lesion healed with only slight impairment of sphincter function. There 
was no evidence of cancer after one and one-half years. D, reconstruction show- 
ing the actual extent of the cancer in relation to the visible ulcer (X-X). Extensions 
up the anterior wall of the rectum (Y) and around the lateral surface of th 
external sphincter ani (Z) are shown. 
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Carcinoma of the Buttocks, Anus and Rectum.—Chemosurgical 
measures may be used if the lesion does not extend too far up the 
rectum. Treatment in the lower part of the rectum is carried on 
by means of packs to keep the dressing in place. Colostomy is not 
necessary, and trouble does not result from feces passing over the wound. 
The retention of sphincter function if the muscle is not extensively 
invaded is a further advantage of chemosurgical treatment of lesions 
around the anus (fig. 11). 

Carcinomas of the Vulva and Vagina.—These may be removed 
chemosurgically, and healing is remarkably good. Close proximity or 


Taste 2.—Results of Treatment of 440 Consecutive Primary Malignant 
Lesions by Chemosurgery 








Type of No.of Number Per Cent 
Location Tumor Cases Cured Cured 


Buttocks, anus and rectum.... Basal cell 100.0 
Buttocks, anus and rectum Squamous cell 50.0 
Branchial cleft ai Carcinoma 0.0 
Carcinoma : 33.3 
Basal cell 85.0 
Dl thninakilemeed sce aw es sbekah sc chdeweesats x Squamous cell 2 83.3 
SR eA Se ee pre cx ee Re Basal cell : 94.6 
RS pth ctieiad oe shu sadnt toed dna de Cbaeed oaks Squamous cell 90.9 
Extremities and trunk... .. Basal cell 100.0 
Extremities and trunk... Squamous cell 94.7 
Face and head ao Basal cell 100.0 
Face and head bus Squamous cell 92.5 
RS ee Basal cell 100.0 
SO A EES Squamous cell 98.8 
Lip, upper. Squamous cell 66.6 
Mouth... Squamous cell, 40.0 
sarcoma and 
adamantinoma 
Basal cell 
Squamous cell 
Parotid gland............. Carcinoma 
Parotid gland + Mixed 
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involvement of the lower part of the urethra is not a contraindication. 
Carcinoma of the cervix would seem to be a possible candidate for 
chemosurgical treatment, but this will not be considered here, owing 
to insufficient data. 


Carcinoma of the Breast.—As a chemosurgical problem this also 
awaits clarification. In this series, only 1 patient, a very poor surgical 
risk, was treated in the operable stage, and she remains free from cancer 
after three years. Recurrent lesions in the primary site are advan- 
tageously treated chemosurgically, but axillary metastases are not. 
After chemosurgical mastectomy the defect heals rapidly and well with- 
out plastic repair. 
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Sarcoma, Melanoma and Other Malignant Tumors.—These, as well 
as various benign neoplasms, may also be treated chemosurgically, 


RESULTS 

Considerations of space prevent me from undertaking in this paper 
a detailed analysis of the results in each tumor site and with each type 
of tumor. It is possible only to present in tabular form the results of 
treatment of 440 consecutive primary malignant lesions treated chemo- 
surgically over a period of four years (table 2). Although each case 
is being actively checked for a period of five years, the follow-up jis 
obviously incomplete as yet, since the last patients of this series were 
treated only in October 1939. Therefore, the follow-up period varies 
from one year to four and a half years. It may be mentioned in this 
connection, however, that if recurrence after chemosurgical treatment 
is to take place it manifests itself early, usually well within six months. 

Of the 440 cancers treated chemosurgically, 409, or 93 per cent, 
showed no evidence of cancer when this paper was prepared. Since 
this group includes a large number of extremely advanced and even 
hopeless lesions and since over one third had been previously unsuc- 
cessfully treated by operation, roentgen therapy or radium therapy, it 
would appear obvious that such a high proportion of cures compares 
favorably with the results which would be expected from ordinary sur- 
gical and radiation methods. More thorough evaluation will be made 
in future articles concerning specific lesions. 


COMMENT 


A striking feature of a high proportion of cancers found at or near 
the surface of the body is the irregularity of their outlines. As Lathrop 
has shown by reconstructions, there is a marked tendency for these 
neoplasms to follow along fascial planes, periosteum, perichondrium, 
perineurium, embryonic fusion planes, lymphatics and other routes 
offering reduced resistance to the spread of cancer. Often these 
irregular outgrowths from the main mass are undetectable by gross 
examination, owing to their small size or their similarity in consistency 
and appearance to the replaced normal tissue. The great value of the 
microscopically controlled method described here lies in its use to follow 
out and remove all of these extensions. 

A further advantage of the chemosurgical method is that there 1s 
no such thing as “chemoresistance.” While it is true that penetration 
is slower through tumors containing a high content of keratin, melanin 


Reconstructions, Thesis for Doctorate in Medicine, University of Wisconsin Medical 
School, 1940. 
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or osseous tissue, there is no type of tumor which will not respond 
to chemosurgical treatment. 

fechnical advantages enable the chemosurgical removal of certain 
lesions otherwise inoperable because of large size, infection or difficult 
position. Furthermore, there are no failures in healing and no compli- 
cating infections. Should plastic repair of defects be required after 
chemosurgical removal of extensive lesions, the well vascularized tissue 
heals well, and breakdown of the repair is a rarity. 

As was conclusively shown in animals by Guyer and me,' the fix- 
ation of cancerous tissues in situ has no tendency to increase metastasis. 
Similarly, the chemosurgical treatment of cancer in man has not shown 
evidence of causing any increase in metastasis. Neither has it been 
observed to cause any increase in local spread. 

It must be admitted that the chemosurgical method is a _ time- 
consuming procedure requiring a certain amount of patience on the 
part of the operator. Moreover, it requires a special type of skill, a 
special knowledge of the somewhat altered microscopic appearances and 

special type of equipment. For good results experience and prac- 
tice are required not only on the part of the operator but on the part 
of his technical assistants. Hence, the method is not suitable for use 
in the average physician’s office. It would seem necessary to limit 
its use to physicians who are willing to obtain the special training 
required and to devote considerable attention to this field. Close 
cooperation between specialists in surgery, radiation therapy, chemo- 
surgery, pathology and the other specialties dealing with the treatment 
of cancer in a general hospital is desirable. 

In order to avoid the unthinking criticism that the chemosurgical 
method described here is “just another escharotic” and also to prevent 
this work from stimulating the use of the so-called “escharotic treat- 
ments” still in use, largely by charlatans or irregular practitioners, it 


should be emphasized that the most important characteristic of my 
method is the systematic microscopic control which it affords. Any 
method lacking a means for a microscopic check on the progress of 
removal is blind, and the outcome of the treatment of cancer by such 
methods will be either recurrence of the neoplasm or excessive destruc- 
tion of normal tissue, or both. 


CONCLUSIONS 

The chemosurgical method for the treatment of cancer involves the 
chemical fixation of tissues so that they may be excised in stages and 
systematically studied under the microscope as a guide to treatment. 
lhe microscopic control thus obtained makes possible the extirpation 
0! any accessible neoplasm with unprecedented reliability and with a 
minimum destruction of adjacent normal tissue. The method requires 
‘pecial training and a specially equipped clinic. 
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The many papers on appendicitis which have dealt with the analysis 
of given series of cases have shown quite conclusively (1) that in a 
careful surgical service there will be only an occasional death when 
the pathologic process is limited to the appendix; (2) that when treat- 
ment is delayed the death rate rises rapidly, and (3) that most of the 
fatalities occur when the appendicitis is complicated by abscess or by 
general peritonitis. An analysis of 4,650 cases of appendicitis from 
the surgical service of the Frankford Hospital well substantiates these 
conclusions. 

This institution is a general hospital with one hundred and forty 
beds for the care of the community sick, having ward and private 
patients. The majority of the patients are in the low income group. 
All patients admitted with a primary diagnosis of appendicitis for the 
period 1904 to 1939, inclusive, are considered in this study. Only 
those patients who underwent an operation primarily for appendicitis 
or who died from appendicitis without operation are included. Patients 
on whom appendectomy was performed incidentally to another opera- 
tion are not included unless appendicitis was found to be the primary 
cause of the symptom complex. Patients not operated on are excluded; 
most of these were persons who presumably had acute, subsiding acute 
or chronic appendicitis and left the hospital against advice and alive 
Twelve surgeons are responsible for most of the operations performed, 


the remainder being distributed among twelve casual operators an¢ 


attending surgeons. 

The object of this survey of mortality statistics is to determine 
from such data whether any useful information may be obtained as 10 
the factors which influence the mortality from the disease. Accord- 

+ Dr. Nassau died August 11. 

From the Surgical Service of the Frankford Hospital. 


296 





whi 
vari 
Pres 
help 
patie 
patie 
the 1 
of tl 


7 
the « 
routi 
whet 
woul 
The 
cecur 
suctii 
prese 
being 
After 
to ke 


and | 
house 
giver 
intest 


per 
starte 
2,500 
mout 
given 
eight! 
nearl 
Wick 


n} 
AVOUT 


vate 
yup. 
the 
nly 
citis 
ents 
era- 
nary 
ded ; 
cute 
alive 
med, 
and 


‘mine 
as 10 


cord- 


NASSAU ET AL—APPENDICITIS 297 


ingly, an effort will be made to determine accurately: (1) the mortality 
rate in this series; (2) certain factors which have been observed to 
influence mortality, namely, age, sex, pregnancy and type of appendi- 
citis: (3) the cause of each death, and (4) the ultimate responsibility 
of appendicitis and associated lesions for each death. 

Furthermore, this study is a record of a series of cases since 1904 
which have been managed by a uniform plan of procedure (with minor 
variations), the technic of which was instituted by one of us (Nassau). 
Presentation of the series, therefore, should offer an opportunity for 
helpful analysis and criticism. Usually when a diagnosis was made the 
patient was operated on. If the disease was considered acute, the 
patient was operated on immediately; if it was not considered acute, 
the time of operation was elective. If the surgeon was in doubt, most 
of the patients were subjected to emergency operation. 


TECHNIC 

The McBurney incision was used for men and children whenever 
the diagnosis was certain; the right rectus incision was used almost 
routinely for women. The appendix was removed in all cases except 
when, in the presence of perforation with abscess or peritonitis, removal 
would necessitate excessive trauma and concomitant spread of infection. 
The stump was usually electrocauterized and invaginated into the 
cecum by a black silk modified purse string stitch. In many cases 
suction was used to drain peritoneal fluid and pus. When frank pus 
presented the wound was left completely open, no sutures whatever 
being used. A dressed drain * was placed into the bottom of the pelvis. 
After the dressed drain was in place, plain or iodoform gauze was used 
to keep the wound open and the tube in place. 

In uncomplicated cases the patients were given tea and tap water 
for the first twenty-four hours, a fluid diet the second day, an enema 
and a laxative the third morning (with a soft diet) and the regular 
house diet from the fifth day. Small doses of morphine sulfate were 
given for pain as needed. Vomiting due to gastric dilatation or to 
intestinal distention was controlled by Wangensteen suction. In cases 
of appendicitis complicated by peritonitis, intravenous infusion of 5 
per cent dextrose and physiologic solution of sodium chloride was 
started at once and continued by indwelling cannula at the rate of 
2,500 to 3,000 cc. in twenty-four hours until fluids were retained by 
mouth and the tone of the bowel was restored. Transfusions were 
given as indicated. Removal of the drain began about the seventh or 
cighth postoperative day; this was replaced by a gauze wick extending 
nearly to the same depth as the drainage tube originally extended. The 
wick was removed gradually, and the wound was freed of all drainage 
about the fourteenth postoperative day and sometimes earlier. 


l. Nassau, C. F.: S. Clin. North America 17:43, 1937. 
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MORTALITY 


Table 1 shows the annual mortality rate for the entire group 
There were 152 deaths in 4,650 cases, a general mortality of 3.27 per 
cent. The death rate has decreased from 1930 until 1939, with fluctu- 
ations during the past three years, and for the last eight years the level 
has been below the series average of 3.27 per cent. Chart 1 shows th 


Taste 1.—Mortality Rate in Cases of All Forms of Appendicitis at the Frankford 
Hospit 
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Chart 1—Progressive five year average mortality rates for all forms of appet 
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progressive five-year average mortality rate for all cases. The last 
thirteen periods show a definite decrease. For the past two periods 
there has been a record low level. 

Table 2 presents the mortality according to sex. The ratio of 
females to males was 1.3 to 1. However, the mortality among males 
was more than twice as great as among females. This is explained by 


TasLe 2.—J/ncidence of Fatal Appendicitis According to Sex 


Total Percentage Percentage Mortality, 
Cases of Total Cases of Total Percentage 


2,010 43.1 92 60.5 4.58 
2,640 56.9 60 39.5 2.27 


4,650 152 Average 3.3 


TABLE 3.—I/ncidence of Types of Appendicitis in Relation to Sex 


Males Females 
——— ---—y _ .. 
Type of Appendicitis No. of Cases Deaths No. of Cases Deaths 


Simple acute. ; ’ 662 5 1,138 3 

Chronic... ane ‘ . 279 3 921 4 
941 8 (0.85%) 2,059 7 (0.34%) 

Acute gangrenous...... 738 24 421 17 

\cute with perforation - 54 107 30 

\cute with abscess. Sean 82 6 53 6 
1,069 84 (7.857%) 581 53 (9.07%) 


Total 2,010 92 2,640 - 60 


TABLE 4.—Mortality in Age Groups (by Decades) 


Percentage of 
Number of Percentage of Operative 
Cases Deaths Mortality Mortality 
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* Nonoperative cases. 
the fact that the incidence of complicated forms of appendicitis in the 
male is more than double that in the female, although in complicated 
cases the mortality for the two sexes is approximately the same (table 3). 
In table 4 appears the distribution of cases by decades, with the 
number of deaths, the total mortality and the operative mortality. The 
youngest patient was 5 months old, with acute gangrenous appendicitis 
:ppen- omplicated by intussusception of the cecum. This patient died. The 
dest was 82, with acute gangrenous appendicitis. He recovered. 
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The greatest incidence (81.8 per cent of all cases), and the lowest 
mortality (2.12 per cent average), was in the 10 to 39 year age group. 


The mortality in the first decade was 5.74 per cent, which compares 


favorably with that noted in many of the series reported (Caldwell: 
2.7 per cent ; McLanahan,* 3.9 per cent ; Beekman,* 7.6 per cent; Stone. 
7.7 per cent; Woodall,® 7.4 per cent; Tasche,? 8.5 per cent). Thy 
increased mortality among adults over 40 has been repeatedly stressed 
(Maes, Boyce and McFetridge*), the average being 10 per cent for 
546 cases. 

Twenty-six women were operated on during pregnancy, with 
death, an operative mortality of 3.60 per cent. One woman was 
treated by Ochsner’s method, with a fatal outcome. Twenty-five of 
the women had acute appendicitis, and 2 had chronic appendicitis 
There were 3 miscarriages, and in 2 cases the fetus died. 


TABLE 5.—Appendicitis Convplicating Pregnanc) 


Number of Cases 


Chronie Miscarriages Deatiis 


First trimester 5 0 0 
Second trimester f ] l 
Third trimester l ] 
No record of duration of pregnancy 4 ] 1 0 


* One of the 2 patients who died was a white woman aged 32 who had had symptoms 
six days. This patient was in the seventh month of pregnancy when she had pain in t! 
right lower quadrant of the abdomen. She fell into labor and was delivered of a living pr 
mature baby The pain continued Seven days after delivery she was transferred to t 
surgical service. By this time the condition was critical. She was not operated on. She die 
within twenty-four hours. The other was a white woman aged 39 who had had symptoms for 
about forty-eight hours. She was five months pregnant. The diagnosis was acute gangrenous 
appendicitis with generalized peritonitis, gangrene of the ileum and thrombosis of the meser 
terie vessels, Appendectomy, drainage and ileostomy were performed three hours after ad 
sion \fter the third postoperative day the course was stormy. On the twelfth day she was 
delivered of a five month fetus, which was not viable. She died ten hours later, of generalize 
peritonitis 


Since 1910 all of the patients in this series have been studied histo- 
pathologically. When there has been disagreement between the path- 
ologist’s report and the clinical diagnosis, the pathologist’s diagnosis 
has been assumed to be correct. 

Pathologic Classifications —There are 5 types: 

1. Acute Catarrhal Appendicitis: This is an acute inflammatory 
process confined to the mucous membrane and the deeper structures 
of the appendix. 

. Caldwell, E. H.: Surg., Gynec. & Obst. 67:169, 1938. 

McLanahan, S.: Am. J. Surg. 25:14, 1934. 

Beekman, F.: Ann. Surg. 79:538, 1924. 

Stone, C. S., Jr.: Acute Appendicitis in Children, Arch. Surg. 30:54 
(Feb.) 1935. 

. Woodall, C. W.: New York State J. Med. 28:322, 1928. 

. Tasche, L. W.: Am. J. M. Sc. 182:86, 1930. 

Maes, U.; Boyce, F., and McFetridge, E. M.: Am. J. Surg. 23: 157 
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\cute Gangrenous Appendicitis: This includes the suppurative 

ne. The acute inflammatory process is not limited to the appendix. 

The peritoneum is affected in varying degrees. Free nonpurulent fluid 
‘s present in the abdominal cavity. 

3. Acute Appendicitis with Perforation: There are varying degrees 
f associated peritonitis. No attempt has been made to classify the peri- 
tonitis as local or spreading. 

+. Acute Appendicitis with Perforation and Abscess Formation: 
[his corresponds with the condition just described except for the addi- 
tional complication by abscess. 

5. Chronic Appendicitis: This includes appendical fibrosis, obliter- 
itive appendicitis and catarrhal appendicitis without evidence of acute 
inflammation. 

Obviously this classification is for the purpose of convenience. It 
vas made in order that the treatment might be evaluated, and also to 
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hart 2—Data on 4,650 cases of appendicitis observed at the Frankford Hospital 


1904 to 1939 


iscertain whether the mortality can be reduced. Prior to 1910 there 
vere many cases in which it was extremely difficult to determine the 
xact category, the meagerness of the early records creating a definite 
andicap in this connection. Thus, in many cases acute appendicitis 
ith gangrene and general peritonitis might be more properly classi 
lied under acute appendicitis with perforation. This is the likely expla- 
ation for the high mortality from acute gangrenous appendicitis in 


nator) the early years. 
ctures 


Che distribution of the different conditions is illustrated in chart 2. 


In 64.2 per cent (2,990) of all the cases there was uncomplicated appen- 


ucitis, Whereas in 35.8 per cent (1,660) there were advanced stages of 
he disease, 


lf chronic appendicitis is not included and the acute appen- 
‘al conditions only are considered, then 47.9 per cent (12 of every 
>) of the patients who came to operation already had a serious form 


appendicitis (gangrenous, perforative or accompanied with abscess ). 
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In 14.2 per cent of the cases of acute involvement (1 of every 7 


Cases } 
the condition had already progressed to the point of rupture, with 
either spreading peritonitis or abscess formation. 

In table 6 the five classes of appendicitis are set out, with the num- 
ber of cases, the number of deaths and the mortality rate. Charts 3. 4. 5 
and 6 give the facts concerning the progressive five year average 
mortality rates for the acute conditions. 


TABLE 6.—Annual Mortality Rates in Cases of Acute and Chronic Appendicitis at 
the Frankford Hospital, 1904 to 1939, Inclusive 
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1930 121 
1931 102 
1932 91 
1933 95 
1934 61 
1935 aS 
1936 70 
1937 78 
1938 99 
1939 120 
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Simple Acute Appendicitis and Chronic Appendicitis —The opera- 
tive mortality for these two conditions was 0.44 per cent and 0.59 per 
cent respectively—virtually nil. As will be shown later, the deaths from 
these processes were such as might occur in any large series of opera- 
tions. The best results in cases of appendicitis, then, are obtained when 
the patient is seen early and operation is done early. The convalesenc: 
is rapid, and the patient’s health is restored without much loss of time 
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Chart 3.—Progressive five year average mortality rates in cases of simple acute 


ippendicitis at the Frankford Hospital 
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Chart 4.—Progressive five year average mortality rates in cases of acute 
gangrenous appendicitis at the Frankford Hospital. 


] 


ype Ta- 
‘9 per 
; from 
0 eTa- 


ae) 88 pas qu a2 1019 © 67 40D 19e (920 QT EL 14T3 HODG 42S ETE (927 1428 424 ORO ped) 1972 O55 eM OS 
"> ” & “ve 7. S22 915 424 4LS tle OTT 9 eRe 148 OO) 1452 1455 988 988 19 98) Oe oe 

whet 

Chart 5- 


-Progressive five year average mortality rates in cases of appendical 
time toscess at the Frankford Hospital. 
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Acute Appendicitis with Gangrene.—This condition has been most 
difficult to classify. Numerous discrepancies were found between the 
surgeon’s description of the operative findings and the final notes. 
Many of the conditions recorded under this heading might have been 
placed elsewhere, especially under perforation. The early records par- 
ticularly are difficult to evaluate, because of their meagerness. The sup- 
purative or rapidly fulminating conditions are included under the one 
heading. No attempt has been made to denote the degree of peritonitis 
present. However, the pathologic classification is accurate and elimi- 
nates the variable personal factor, and for this reason it has been 
adopted. One pathologist has examined nearly all the tissues through- 
out the period of this study. 

The patients with general peritonitis in this class were drained. 
When the peritonitis tended to localize, the wound was closed at opera- 
tion. Many wounds today are closed which would formerly have been 
drained. 


In examining chart 4 one is impressed by a distinct drop in the 


mortality rate. There are a few rises, the greatest in the period from 
1914 to 1922. This may be explained in part by the fact that when 
the regular attending surgeons were drafted into the World War they 
were replaced by surgeons with less operative experience. The mortal- 
ity rate of acute gangrenous appendicitis is definitely decreasing. The 
average mortality rate for this condition is 3.5 per cent. However, 
during the past five years there have been no deaths in 338 cases. 
Appendical Abscess.——There were 135 cases of abscess. Twelve oi 
the patients died, an average mortality of 8.8 per cent. Three of the 12 
deaths occurred in cases in which operation was delayed in the hope oi 
localization. However, the patients died of septicemia before operation 
was done. Blood cultures were not recorded. ‘This leaves an opera- 
tive mortality of 6.6 per cent. The higher mortality is in contrast to 
that in the three groups discussed previously. While the number oi 
cases is not increasing, chart 5 shows an increasing mortality rate 
since the period from 1928 to 1932, and since that period the rate 
has been well above the average oi 8.8 per cent. One of the principal 
factors which enter into the treatment of this condition is drainage— 
when to drain and how to drain. When it is apparent that infection is 
spreading and general peritonitis is imminent, operation ought not to 
be delayed. On the other hand, when the abscess is localizing and 
the patient’s condition indicates recovery, operation may be withheld 
until the abscess is well walled off. The limits of delay must be decided 
by the progress of the disease. When operation is performed, what 
is to be done can be decided only at the time of operation. When 
localization occurs in the pelvis, incision and drainage by rectum have 
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been our practice. When the peritoneal cavity is opened, in addition 
to drainage, the appendix is removed only when no additional trauma 
will be provoked. 


Acute Appendicitis with Perforation and Peritonitis—The mortality 
in this group was 23.6 per cent in 356 cases and represents 55.3 per 
cent of all the deaths in the series. Twenty-one of the deaths occurred 
in cases in which operation was not done, leaving 63 deaths, an operative 
mortality of 17.6 per cent. This figure is not unfavorable when com- 
pared with those reported from other hospitals (Davis and others,* 
25.5 per cent; Finney,*® 21 per cent; Kirtley and Daniel,’ 16.3 per 
cent; Pattison,? 28.7 per cent; Totten,’® 26 per cent; Schullinger,™ 
17.02 per cent). 
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Chart 6.—Progressive five year average mortality rates in cases of acute per- 
lorative appendicitis with peritonitis at the Frankford Hospital. 


Chart 6 shows a remarkable constancy in the mortality rate in this 
group. The last two periods show the lowest rates on record, 7.4 per 
cent below the average mortality of 23.6 per cent. 
9. Davis, J. E.; Muske, P. H.; Mulligan, P. L., and Gutov, J.: Appendicitis: 
Statistical Survey of Ten Thousand Cases at Providence Hospital, J. A. M. A. 
108:1498 (May 1) 1937. 

10. Finney, J. M. T., Jr.: Surg., Gynec. & Obst. 56:360, 1933. 

|. Kirtley, J. A., and Daniel, R. A.: Surgery 2:215, 1937. 

2. Pattison, A. C.: Ann. Surg. 103:362, 1936. 

3. Totten, H. P.: Ann. Surg. 106:1035, 1937. 

14. Schullinger, R. N.: Acute Appendicitis and Associated Lesions: Some 
Observations on Mortality, Arch. Surg. 32:65 (Jan.) 1936. 
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Total Mortality Rate—In table 7 and chart 7 is presented the total 
mortality rate for all cases of acute appendicitis. There has been a 
decline in the mortality since the period from 1924 to 1928, and the 


Taste 7.—Mortality Rate in Cases of All Forms of Acute Appendicitis at 
Frankford Hospital from 1904 to 1939, Inclusive 
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Chart 7.—Progressive five year average mortality rates for all forms of acute 
appendicitis at the Frankford Hospital. 


rate has been below the 4.2 per cent average mortality for the last five 


periods. There were 28 deaths in nonoperative cases in this group, which 
if excluded would reduce the mortality to 3.38 per cent. This figure 's 
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s compared with many given when large series of cases have been 


ted (Black,'® 4.1 per cent; Bower,'* 4.79 per cent; Finney,'® 2.33 
? 


ent; Garlock,'’ 4.7 per cent; Keyes,'S 5 per cent; Quain,’® 3.2 
cent; Reid and his associates,’ 6.3 per cent; Schullinger,'* 
51 per cent; Sprague and others,*® 2.73 per cent). The total mortality 
rate for the entire group, cases of chronic appendicitis included, has 
already been presented (table 1). 
Analysis of Deaths.—In table 8 are listed the causes of death. Gen- 
eralized peritonitis heads the list, and at the time of operation it had 
ready been present in 89 of the 152 patients who died. Of these, 12 


were moribund when operated on, and they died within twenty-four 
Paste 8.—Causes of 152 Deaths in 4,650 Cases of Appendicitis 


Total Per Acute \cute 
Number Cent Gan- Acute’ with 
ot ot Simple gren with Perfo 
Cases Total Acute ous Abscess ration Chronk 
General peritonitis sees v1 of 0 25 { l 
General peritonitis plus pulmonary abscess... l 
testinal obstruction 19 
Myocardial insufficiency . lo 
Pneumonia : : v 
Embolic phenomena: 
Pulmonary embolism l 
Cerebral embolism...... , weds 2 
Mesenteric thrombosis 
Feeal fistula 
Diabetes 
Nephritis . ° 
Diverticulitis (Meeckel's diverticulum). 
Gangrene of omentum in incarcerated hernia 


lotals 
* With complicating general peritonitis 


hours. For 26 more operation was delayed, and they died of general- 
ized peritonitis without benefit of operation. In 116 of the fatal cases 
3 of every 4), then, generalized peritonitis was a primary cause of 
leath. Intestinal obstruction was responsible for 19 deaths; in 7 cases 
it was accompanied with generalized peritonitis. Myocardial insuffi 
Black, C. E.: Bull. Am. Coll. Surgeons 16:22, 1932. 
. Bower, J. O.: Acute Appendicitis in Philadelphia: Report of Progress 
Made in Campaign for Its Reduction, J. A. M. A. 102:813 (March 17) 1934. 
17. Garlock, J. H.: Am. J. Surg. 23:248, 1934. 
I8. Keyes, E. L.: Ann. Surg. 99:47, 1934. 
19. Quain, E. P.: Acute Appendicitis: Second Report of One Thousand Con 
utive Cases, Arch. Surg. 28:782 (April) 1934. 
: 19a. Reid, M. R.; Poer, D. H., and Merrell, P.: A Statistical Study of 2,921 
t five ases of Appendicitis, J. A. M. A. 106:665 (Feb. 29) 1936. 


vhich <". Sprague, E. W., and others: Surg., Gynec. & Obst. 66:166, 1938 
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ciency cost 15 lives, embolic phenomena 6 and pneumonia 9. Three 
patients died after complications from fecal fistula, 3 from diabetes and 
4 with nephritis and uremia. One died as the result of diverticulitis 
of a Meckel diverticulum and 1 from gangrene of the omentum in an 
incarcerated hernia. It is possible that in these 2 patients the appendix 
was simply congested by reason of its inclusion in the attendant patho- 
logic process instead of being primarily inflamed, and there is some 
doubt as to the actual cause of death. 


The 7 deaths from attendant medical diseases might have been pre- 


vented. The number of victims of vascular accidents might be decreased 
by selecting with extreme care for elective operations patients who 
have a narrow cardiovascular reserve. Five of the patients in these 
fatal cases were operated on for chronic appendicitis and a sixth for 
simple acute appendicitis. Great care should be given the choice of an 
anesthetic in the presence of heart disease. At present the use of spinal 
or local anesthesia seems highly desirable. 

Likewise, general anesthesia ought to be avoided in the presence 
of infection of the upper respiratory tract. Turning the patient from 
side to side and encouragement of deep breathing soon after the opera- 
tion are good prophylactic measures. 

As regards patients with generalized peritonitis, the treatment 
requires careful judgment. Proper choice of an anesthetic is impor- 
tant; spinal or local anesthesia should be preferred. As little trauma 
as possible should be attendant on the operation, and the appendix 
should not be removed when spread of infection will follow. Drain- 
age and postoperative care have already been discussed. However, it 
cannot be too much emphasized that rest and large amounts of fluids 
are very important and that Wangensteen suction is of great value in 
the prevention of gastric dilatation and distention. Distention and para- 
lytic ileus are extremely difficult to handle. The Miller-Abbott tube *" 
and pitressin and prostigmine methylsulfate*°* have recently been 
reported ** to be of value if used both preoperatively and postoperatively. 
However, it may be that the greatest advance in the treatment of general- 
ized peritonitis is the use of parenteral sulfanilamide as reported b) 
Ravdin and his co-workers.**_ In his report Ravdin recorded only ! 
death in 252 cases, a remarkable record. Many cases will have to b 
observed to bear out these results. 
20a. Whipple, A. O.: The Use of the Miller-Abbott Tube in the Surgery 0! 
Large Bowel, Surgery 8:289 (Aug.) 1940 
21. Marden, P. A., and Williamson, E. G.: Surg., Gynec. & Obst. 69:61, 1959 
22. Ravdin, I. S.; Rhoades, J. D., and Lockwood, J. S.: Ann. Surg. 111:53 
1940. 
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COMMENT AND SUMMARY 


In a recent editorial in the Journal of the American Medical 
Association entitled “The Challenge of Appendicitis” it is stated: 
“The mortality from acute appendicitis has risen sharply during the 
past few decades,” and this evidently in spite of advances in treat- 
ment. The cases of 4,650 patients admitted to the Frankford Hospital 
between 1904 and 1939 inclusive have been analyzed, and a general 
decline of the mortality rate has been noted. There is some suggestion 
that there is a real increase in the incidence, yet the case fatality has 
fallen considerably. The decrease in mortality must be real, as differ- 
entiation of the available data shows a drop in the mortality rate for 
all conditions except appendical abscess, in which some increase has 
been noted. ‘The total mortality rate from all forms of appendicitis 
in this series was 3.27 per cent, and from acute appendicitis, 4.2 per 
cent. The total death rate for the five divisions was as follows: simple 
acute appendicitis, 0.44 per cent; chronic appendicitis, 0.59 per cent; 
acute appendicitis with gangrene, 3.5 per cent; appendical abscess, 8.8 
per cent, and acute appendicitis with perforation and peritonitis, 23.6 
per cent. The curves of the progressive five year average mortality 
rates show an appreciable decline for all conditions except appendical 
abscess. The increase in mortality in the period from 1915 to 1922 
may have been due to change to a less experienced personnel. 

The McBurney incision is preferred by us for men and children 
and the right rectus incision for women. The usual practice is to operate 
at once and to remove the appendix in all cases if possible. It is the 
custom to drain all patients with spreading peritonitis. 

There were more females than male patients, apparently owing to 
the large number of cases of chronic appendicitis in which women were 
operated on. The more severe forms of appendicitis occurred in males, 
and, concomitantly, the mortality rate was higher for men. The mor- 
tality rate in pregnancy was 3.60 per cent for 26 cases. 

The highest incidence and the lowest mortality rate were in the 10 

39 year age group. Below the age of 10 years and above that of 40 
the mortality rate increased. 

Accompanying medical disease exerts a profound influence on the 
prognosis of appendicitis. Cardiovascular disease, pneumonia and 
nephritis were major causes of death, and some of these might have 
been prevented. However, appendicitis causes most of the deaths. 


In 116 of the 152 fatal cases in this series peritonitis was the primary 
cause of death. In 28 of these cases death followed delay of operation 
in an effort to localize spreading peritonitis. 


The Challenge of Appendicitis, editorial, J. A. M. A. 112:2066 (May 20) 
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As is well known, the mortality of any disease can be lowered }y 
reducing its incidence and by improving methods of diagnosis and 
treatment. Too little is still known about predisposing factors to 
enable physicians to devise effective methods of prevention of appendi- 
citis. Therefore, one must concern oneself almost entirely with improving 
methods of diagnosis and treatment. As regards diagnosis, typical 
appendicitis is easy to recognize, and the results from operative inter- 
vention after prompt recognition are good. ‘The atypical condition, 
however, is met not infrequently, and the physician may not recogniz 
the disease, especially if it is early. In case of doubt, one should not 
give opiates and wait until the next day to see the patient again; rather, 
the patient should be observed frequently until more definite signs 
develop, and, if there is continued doubt, consultation with an older 
and more experienced physician should be requested. The general 
practitioner should learn to regard with suspicion any abdominal pain 
lasting over six hours and should not loiter before referring the patient 
to the surgeon. As regards treatment, this is entirely surgical, and 
the earlier it is instituted the fewer the complications. The deaths it 
cases of appendicitis being nearly all from peritonitis, the hope of influ 
encing future mortality statistics lies in the prevention and improved 
management of peritonitis. Continued education of the public as to 
the indiscriminate use of cathartics for abdominal pain and the serious- 
ness of delay is essential. It should be stressed that the pain of appendi- 
citis begins in the upper part of the abdomen and around the umbilicus 
rather than in the right lower quadrant. The economic factor should 
make a strong appeal to the public. The average patient whose condi- 
tion is uncomplicated leaves the hospital in nine to ten days, whereas 
for patients with appendicitis complicated by peritonitis the stay ma) 
be doubled or trebled, with some degree of residual disability. 


Our treatment of peritonitis is presented and the meticulous mannet 


of drainage emphasized. The recording of this series of cases 1s ol 
value in that it shows results of following a uniform technic in th 
management of peritonitis. The use of sulfanilamide and allied drugs 
in the prevention and treatment of peritonitis offers great promise for 
the reduction of mortality from this dreaded complication. 
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The appendix is such a common surgical specimen that one hardly) 
inticipates the possibility of its duplication. However, although it is a 
‘ery rare anomaly, the so-called double appendix does occur, and it 
offers a number of interesting points for consideration. 

(he first question which naturally arises is: What is an appendix, 
ind what are the criteria by which one may identify the organ and 
separate it from other types of protrusions from the cecum? Cave, in 
an extensive summary of the knowledge of the comparative anatomy of 
this region, concluded, contrary to common belief, that a true vermiform 
ippendix identical to that met with in man is found only in gibbons and 
anthropoid apes, although, peculiarly enough, monotremes and some 
marsupials possess a strikingly similar structure. Aside from its gross 
orm and position, histologically the appendix is identified and distin- 
guished from the cecum by the amount and arrangement of its lymphoid 
tissue and by the presence of both an inner circular and an outer longi- 
tudinal muscular coat. 

Secondly, in contrast to many anomalous duplications in the human 
body for which one has a clear and accepted embryologic explanation, 
there has never been any uniformity of opinion about the mechanism by 
vhich the double appendix occurs. Several hypotheses have been 
ulvanced -by different authors. This is probably due principally, as will 
he shown later, to the fact that there are at least four distinct types of 
his condition, which are so essentially different that it seems reasonable 

assume that each arises as the result of an independent form of 
levelopmental disturbance. These will be taken up under the review of 

ses found in the literature. 


Furthermore, there is the practical side of the problem, which par- 


ticularly concerns the general surgeon, since this anomaly involves his 
ost commonly frequented field. There are a number of occasions on 
record in which the appendix was removed or at least was reported to 


been removed, in which the patient's abdomen was again opened 
one reason or another and an appendectomy performed. Under such 


Cit 


or 


stances one is naturally hesitant about accepting the duplicity of 
appendix as positively established. However, when both operations 


m the Department of Pathology of McGill University and the Pathological 
les Of the Homeopathic Hospital of Montreal. 
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have been performed by the same surgeon or satisfactory pathologic 
records of the excised tissues are obtainable, one is by no means justified 
in dismissing the evidence as beyond the bounds of credence.  Forty- 
nately, cases of duplicity are sufficiently rare that even the most thorough 
surgeon need hardly feel compelled to explore carefully every cecum 
after removal of an appendix to satisfy himself that a second has not been 
left. 

Finally, that there may be even a medicolegal aspect of the question 
as to whether two appendixes can occur in the same person has been 
demonstrated in a recent case, in which suit for damages was threatened 
against a surgeon on the grounds that he informed the patient, who was 
subsequently appendectomized, that he had removed the organ at a 
previous operation. Under such circumstances the pathologic exam- 
ination and the record of even a normal appendix reach considerable 
importance. 

In addition to the example to be described in detail, I have succeeded 
in collecting 14 cases of this anomaly from the literature. Moreover, 
there are included in the bibliography several references to articles touch- 
ing on the subject. I have purposely omitted from this series one typ 
of double appendix, that is, the type in which duplication of the cecum 
as a whole has taken place, with an appendix on each part. Greig in 
1934 reported an example of this type, in which there occurred doubling 
of the whole bowel distal to the site of Meckel’s diverticulum, and Cave 
in 1936 described a specimen from the teratologic series of the Hunterian 
Museum of the Royal College of Surgeons of England in which duplicit) 
of the parts derived from the apex of the primitive midgut loop had 
occurred. Although there exists no satisfactory explanation of this 
embryologic phenomenon, the development of an appendix on each oi 
the two separate cecums would occur in the usual manner as a natural 
course of events. 

If one analyzes the 15 cases it is obvious at once that they fall into 
three distinct groups. Moreover, these groups are so sharply separated 
that, although they are all examples of duplication of the organ, one 
cannot but feel that they arise on quite different developmental grounds 
and should be considered distinct entities. The first of these consists 
of various types of the so-called “double-barreled” appendix. There 
were 5 in this series. However, as nearly every pathologist who exam- 
ines a large amount of surgical material can recall having encountered 
at least 1 example of this curious condition, the lesion is probably by no 
means as rare as the scanty literature might indicate. In this type the 
two appendixes come off from the cecum at the normal site and com- 
paratively close together. Their lumens may unite in a single tip, and 
they may be enclosed by a common muscular coat. In the examples 
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reported by Rosenberger (1903) and by Prentis (1907), actual doubling 
of the appendix did not occur. The two lumens were merely separated 
hy the fibrous connective tissue of the submucosa, and both were invested 
hy: common muscular coats and serosa. In Walthard’s case (1931) an 
infant’s appendix was found to arise normally from a single point of the 
cecum. It then formed two parallel tubes 25 mm. in length, which 
reunited distally to form the normal single lumen of the last 10 mm. of 
the process. Each branch had a separate mucosa, submucosa and cir- 
cular musculature, but there was a common longitudinal muscular coat 
and serosa, with one mesentery. Somewhat greater separation occurred 
in the double appendix reported by Clavel and Colson (1933). In 
operating on a woman 30 years of age they encountered two appendixes 
arising in the usual site, about 1 cm. apart. They were approximately 
the same length and ran parallel, confined in one serosal covering and 
supplied by a single artery. ‘Toward the tip at one point there was a 
slight fusion, so that only the mucosae intervened between the two 
lumens. Otherwise, however, they were distinct. In Elwyn’s (1924) 
case, curiously enough, there was even wider separation at the points of 
origin but complete fusion into a common lumen at the tip. It is inter- 
esting that in these examples of duplication there was considerable varia- 
tion in the structural relation of the two parts and at the same time 
some degree of fusion in each. 

As regards the explanation of this form of anomaly, it has been 
pointed out that the anlage of the cecoappendix lies partly on one side 
and partly on the other side of the most distal part of the umbilical loop 
of the entodermal tube. Such a division lends itself readily to duplica- 
tion provided, as Kermauner suggested, some developing cloacal elements 
interfere with proper subsequent union and fusion. However, in all of 
these cases it is to be noted that separation is never complete. This 
would suggest that the disturbance in development is well localized to a 
omparatively small area and is probably fundamentally different from 
that which brings about the other types of duplication to be con- 
sidered in this paper. When fusion is only slight, as in the case reported 
by Clavel and Colson, the question might arise whether the appendixes 
were originally completely separated and subsequently fused. This 
seems doubtful, particularly in view of the fact that it would explain 
nly the most extreme examples of an apparently related series. 


The second group of cases comprises those which might be referred 
‘0 as cases of the “bird type” of duplication. There were 3 examples of 
this form in the series collected. The patients were all newborn infants 
who were the subjects of profound developmental disturbance and 
multiple anomalies. They were characterized by the presence of two 
appendixes, symmetrically placed, one on either side of the ileocecal 
valve. Emrys-Roberts and Paterson (1906) casually reported such a 
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condition in their detailed description of a stillborn full term fetus which 
exhibited ectopia of the viscera, spina bifida and many other abnor- 


malities. The second case of this type was described by Pratt (1933). 


and Del Plaine (1936) has added a third. In this last case there were 
a defect in the anterior abdominal wall, agenesis of the bladder, a double 
uterus and a double vagina. Moreover, it was noted that each appendix 
revealed the typical infantile structure met with in the normal organ at 
this age. 

The striking similarity of the arrangement to the cecums met with 
in birds has raised the question whether the anomaly may not represent 
the preservation of an ancestral form. However, it has been pointed 
out that the bird is a distant relative, not an ancestor, of man, and it 
seems more likely that some unknown force acting in early embryonic 
life leads to an alteration of development which subsequently proceeds 
along the general plan met with in the avian cecum. 

There are 7 examples of the third type of double appendix, including 
the present case, in the series which I have collected. In each of these 
cases one of the appendixes came off the cecum at the usual site, where 
the taeniae coli come together, while the other appendix, which was 
inclined to be smaller and even rudimentary, was distinctly separate 
and arose from the cecum apparently almost invariably along the lines 
of one of the taeniae, a greater or lesser distance from the first. This 
might be referred to, therefore, as the “taenia coli” type. 

The first duplication of this type to appear in the literature was 
described by Schooler in 1907. He reported that during the course of 
an appendectomy on a woman 23 years of age he found a swollen, gan- 
grenous appendix at the usual site, while 1 inch (2.5 cm.) higher and 
apparently arising along the anterior taenial band, was another appendix, 
4 inches (10 cm.) in length and of slightly smaller diameter, which was 
not inflamed. Soon afterward (1911), Young reported an operation 
at which two appendixes were found. One contained pus, and the other 
was gangrenous and ruptured. Their bases were 1% inches (3.1 em.) 
, inches (7.6 and 8.8 cm.) in length 


apart, and they measured 3 and 3! 
respectively, with separate mesoappendixes. Bérard and Vignard (1914 
in their monograph on appendicitis stated that Jalaquier had observed a 
case of double appendix. One appendix was short and was removed 
at the first operation, while the second was found by chance during th 
course of a subsequent operation for ventral hernia. Further details 
are lacking. Berthold in 1932 reported finding two appendixes in 

60 year old woman who was operated on for intestinal obstruction. The 
cecum showed one, 7 cm. long, at the normal site; the other, 5 cm. 
length, sprang 2 to 3 cm. laterally from the first, out of a haustrum coll 
Histologically the former was somewhat thickened; the latter r vealed 
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on of submucosal fat. Both possessed only a small amount of 

id tissue but sufficient, according to the views of the author, to 
y them as appendixes. 

Cave (1936), in an excellent review of the whole subject, described 

. specimen obtained by Mr. H. C. Wilson, Prosector of the Hunterian 


Museum of the Royal College of Surgeons of England in an otherwise 


unremarkable full term fetus. The cecum was of infantile type and was 


] 
ne 
l 


ical. From the left side of the apex an appendix 15 mm. in length 
extended inferomedially. A second appendix, which was 20 mm. long, 
in retrocecal position and supplied with a short mesentery, arose from 
the posteromedial wall of the cecum, along the line of a taenia coli, 
15 mm. from the first. Its lumen opened into the cavity of the cecum. 
Both appendixes showed normal histologic structure. The author’s 
explanation for this anomaly will be discussed later. The most recent 
contribution to this subject was made by Robertson (1940), who 
described an example reported to him by Boulanger from the Edmonton 
General Hospital. In operating on a boy for appendicitis the surgeon 
encountered a long retrocecal appendix having its tip under the hepatic 
flexure and a second appendix arising from the wall of the cecum 2 inches 
(5 cm.) lateral to the site of the first. The former was ruptured when 
removed, and the latter was slightly inflamed. Both communicated with 
the lumen of the cecum. 


My case is that of a youth 19 years of age, who entered the Homeo- 
pathic Hospital in the service of Dr. J. J. Ostapovitch with the typical 
symptoms of acute appendicitis. His previous history was irrelevant. 
lhe surgeon’s report, dictated immediately after the operation, was 
is follows: 


\ right lower lateral incision was made. When the abdomen was opened there 
was no free fluid in the peritoneal cavity. A mass was found in the right lower 
quadrant. The omentum was wrapped around the appendix. I could feel the 
appendix as it entered this mass, and I attempted to free the mass and deliver 
the appendix into the wound. While I was doing this some pus escaped from the 
mass, and this was swabbed out and prevented from entering the peritoneal cavity. 
\s I was removing the upper and lateral part of the mass it broke off the 
iscending colon and cecum, and a mass of tissue about 2 cm. long, which appeared 
to be the stump of the appendix, was found to be protruding from the lateral 
side of the upper part of the cecum. I thought that this was the stump of the 
ppendix and removed it, cauterizing the base and performing invagination with a 
‘ilk suture. I then proceeded to remove the gangrenous mass, wrapped with 
[ found that the appendix entered this mass and was attached below 
to the bottom of the cecum. I freed the appendix, removed it with the cautery 
ind invaginated the stump. I also removed the gangrenous portion of the omentum 

had been wrapped around the appendix. I concluded that I had made an 
r in thinking that the first small portion of tissue had been the stump and 
ught that it probably was only a piece of fat. The wound was closed in three 
'yers. No drainage was provided for. 


mentum 


rré 
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The specimen was received at the laboratory, and, unfortunately, routine sections 
were cut for histologic examination without photographing the gross material, as 
it was naturally believed that two appendixes from different patients had careless) 
been placed in the same container. The pathologic report on the material was “ 
follows: 

Macroscopic Examination—1. The specimen consisted of an appendix approxi- 
mately 10 cm. long. It was swollen, thickened, somewhat dilated in the distal 
portion and covered with a purulent fibrinous exudate; there was also a con- 

















Fig. 1—Posterolateral view, showing the relative position and size of the tw 
appendixes. 





. . a . - . ~ ° ? n 
siderable quantity of fat, one portion of which was firm and hemorrhagic. 2. | 


the same container there was another appendix, approximately 2 cm. in length, the 
wall of which was somewhat thickened. The ‘umen contained hemorrhagi 
material. The serosa was smooth and glistening. 

Microscopic Examination.—Sections of the first appendix showed all the coats 
infiltrated by a purulent exudate. The wall was very hemorrhagic, and there had 
been an extension of the inflammatory process into the neighboring fatty tissue 

Diagnosis —The diagnosis was exudative, purulent hemorrhagic appendicitis an¢ 
periappendicitis. 

Sections of the other appendix showed normal histologic structure. 
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Fig. 2—Transverse sections, same magnification, of the smaller, supernumerary 


and the larger, inflamed appendix. 
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When the extraordinary character of the specimens was fully appreciated. 
further study of the material was carried out. Figure 1 is a drawing to illustray 


the relative position and size of the two appendixes. Histologic examinatio; 
? 


(fig. 2) revealed that the small supernumerary appendix had the usual distri- 
bution of lymphoid tissue for this age period and both circular and longitudinal 
muscular coats. Histologically, therefore, it fulfilled the criteria for differentiatio; 
of this organ from a diverticulum. Sections prepared later from the two tips 
showed each to be complete (fig. 3), which precludes the possibility that the smaller 
structure was an amputated portion of the larger. Recovery was uneventiul. 


It is interesting to note that the last 7 examples of duplication of the 
appendix are strikingly similar and form a group readily separated from 
the “double-barreled” and “bird” types previously described. In all of 
them there was an appendix at the normal site and another, usually 
smaller, sometimes rudimentary structure protruding from the side of 
the cecum, generally along one of the taeniae coli, at a greater or lesser 
distance from the first. Whenever histologic studies have been under- 
taken this supernumerary structure has fulfilled the criteria which hav 
been established for identification of an appendix. 

The most satisfactory explanation for this type of the anomaly has 
been advanced by Cave, who saw in it “the persistence and development 
of a fugitive embryological structure, of great morphological interest, 
but one commonly ignored in standard embryological works.” He 
referred to the “transient appendix” which was described by Kelly and 
Hurdon (1905) in their study of this region in over 50 human embryos 
from the Mall and Brédel collections. It consisted of an outgrowth 
from the tip of the developing cecum, which enlarges during the sixth 
week and atrophies toward the end of the seventh week or soon there- 
after. Gladstone and Wakeley in 1924 confirmed the observations oi 
Kelly and Hurdon in embryos of 10 to 22 mm. and gave illustrations 
of the “transient appendix” in sections taken at the 20 mm. stage. 
They pointed out that the structure simulates in its position and form 
the true vermiform appendix, but since it later atrophies and completely 
disappears it is looked on as an independent structure, not connected 
directly with the permanent appendix, which is differentiated later 
Cave concluded that here “lies a definite potential embryological origin 
for the development of a supernumerary appendix, and the most plausible 
explanation of the specimen of appendix duplex herein described as well 
as of the cases quoted from the literature.” 


It is my opinion that while the persistence of this “transien 


appendix” offers a probable explanation for the third and last type ° 


duplication described, it is likely that the other types, because of their 
distinct anatomic characteristics, are the result of different developmenta! 
faults. 
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On the other hand, it must be admitted that none of the various 
embryologic explanations are by any means proved; they are all quite 
hypothetic. In fact, one might go even further in some of the cases, such 
as the one described, and raise the question whether the supernumerary 
structure actually is an appendix. It might well be that a congenital 
diverticulum of the cecum, free from lymphoid tissue, as the appendix 
proper is at birth, could acquire this tissue in its submucosa as the 
appendix does and hence become identical with it. This would not be 
unreasonable from the biologic standpoint and may be the true explana- 
tion in this case. 

In conclusion, therefore, 1 feel justified, as far as my case is con- 
cerned, in stating only that there existed in the patient an anomalous 
structure which from the surgical standpoint was another appendix and 
irom the histologic structure was a second appendix but which may or 
may not have been developmentally an appendix. 


SUM MARY 
Fifteen cases of appendix vermiformis duplex, including 1 personal 
case, are reviewed. The anomaly is found to fall into three distinct 
groups, namely, the “double barrel” type (5 cases), the “bird” type 
(3 cases) and the “taenia coli” type (7 cases). The various embryologic 
explanations which have been advanced for the different forms of this 
anomaly are discussed. 
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PROVEMENT IN BLOOD TRANSFUSION SERVICE 


SELECTION OF TEST SERUMS; CAUSE AND PREVENTION OF 
[EMOLYTIC REACTIONS; ROLE OF SUBGROUPS A, AND A, 


PAUL HOXWORTH, M.D., Px.D 


CINCINNATI 


SELECTION OF NATURAL ANTI-A AND ANTI-B TEST SERUMS 
OF UNUSUALLY HIGH ISOAGGLUTININ TITER AND 
IMPORTANCE OF THEIR USE IN GROUPING 
OF BLOODS PRIOR TO TRANSFUSION 

\Vith the discovery of the human blood groups by Landsteiner ? at 
he turn of this century, the vast majority of dangerous reactions were 
liminated, and the transfusion of blood became a relatively safe pro 
Landsteiner observed that the cells of some bloods when placed 
the serums of others would clump together. This phenomenon 
vas called agglutination.2?. The serum factor in this phenomenon was 
the agglutinin, and the cell factor was called the agglutinogen. 
On the basis of the presence or absence of such serum and cell factors 
human bloods can be classified into four groups. Landsteiner was 
ible to divide human blood into three groups.* The fourth and rarest 
group was added by von Decastello* and Sturli in 1902. Three 
nomenclatures have been attached to the four groups, that of Jansky 
1907, that of Moss in 1910 and the “international” nomenclature 


iccepted by the health committee of the League of Nations in 1927 
table 1) 


Group AB blood contains both A and B agglutinogens and no 


gglutiins. Group A blood contains the A agglutinogen and agglutinin 


Group B blood contains the B agglutinogen and agglutinin a. Group 
blood contains no agglutinogens and both a and b agglutinins. 


m the Department of Surgery of the University of Cincinnati College of 
ine and the Cincinnati General Hospital 
1. Landsteiner, K.: Zur Kenntnis der antifermentativen, lytischen und agglu- 
tmerenden Wirkungen des Blutserums und der Lymphe, Zentralbl. f. Bakt. (Abt. 1) 
27:357, 1900. 
2. Throughout this report the term agglutination refers to normal human 
lutination. 
3. Landsteiner, K.: Ueber Agglutinationserscheinungen normalen menschlichen 
blutes, Wien. klin. Wehnschr. 14:1132, 1901. 
von Decastello, A.: Ueber die Isoagglutine im Serum gesunder und 
t Menschen, Miinchen. med. Wchnschr. 49:1090, 1902. 


321 





ARCHIVES OF SURGERY 


Because of Landsteiner’s observations it is now possible to pre- 
determine whether agglutination and a consequent reaction will occur 
when the blood of one person is transfused to another. This is done 
by the use of serums from group A and group B bloods as test serums. 
The serum of group A blood is known as anti-B serum, and that of 
group B blood is known as anti-A serum. Anti-B and anti-A serums 
are placed on the left and the right end, respectively, of a glass slide. 
Samples of the blood to be tested are placed with each puddle of test 
serum and observed for agglutination. Regardless of variations in the 
technic for this test in present use, the following interpretation js 
advanced. 

If no agglutination is noted with either serum, the blood is classified 
as group O. If agglutination occurs with the anti-B serum only, the 
blood is classified as group B. If it occurs with the anti-A serum only, 
the blood is classified as group A, and if it occurs with both serums, the 
blood is classified as group AB. 

Despite the advent of the knowledge of blood groups and the use 
of grouping and compatibility tests prior to transfusion, occasional severe 


TABLE 1.—Classification of Blood Groups 


International Moss Jansky 
AB I IV 
A II II 
B Ii Ill 
Oo IV I 


reactions occur as a result of transfusion of incompatible blood. The 
mortality rate from these reactions is approximately 65 per cent. Some 
of the accidents may be attributed to the factor of human error. One 
need orly peruse the literature, however, to realize that many are due 
to the failure of test serums in common use properly to group the blood 
of either the donor or the recipient in instances in which the agglutino- 
gens are unusually weak. It is a well recognized fact that there is a 
marked variation in potency of both the agglutinins and the agglutino- 
gens in the bloods of different persons.’ Bloods exist in which the 
agglutinogen tested for prior to transfusion is so weak that only the 
strongest test serums will show definite criteria of agglutination. 
The safeguard against accidents of these kinds lies in the use of test 
5. Kemp, T.: Ueber den Empfindlichkeitsgrad der Blutkérperchen gegenitiber 
Isohiamagglutinen im Fétalleben und in Kindesalter beim Menschen, Acta path 
et microbiol. Scandinav. 7:146, 1930. Thomsen, O., and Kettel, K.: Die Stark 
der menschlichen Isoagglutinine und entsprechenden Blutkérperchenrezeptoren 1 
verschiedenen Lebensaltern, Ztschr. f. Immunititsforsch. u. exper. Therap. 63:67, 
1929. Schiff, F., and Mendlowicz, L.: Quantitative Untersuchungen tiber Iso 
agglutinine mit besonderer Beriicksichtigung der Leukamie, ibid. 48:1, 192 
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serums of unusually potent agglutinin complement, strong enough to 
establish definite criteria of agglutination when placed with anticells 
of unusually low agglutinogen complement. 

In 1931, Coca ® revealed the indifferent quality of commercial group- 
ing serums and defined grade 1 serum as one which would in a 1:4 
dilution agglutinate a 1:4 saline suspension of sensitive anticells 
macroscopically in one minute. Since then most commercial serums 
have been labeled as conforming to this standard. Because of dissatis- 
faction with the test serums in use at the time and the results of titrations 
of two commercial serums as compared to Coca grade 1 standard 

table 2), a search was begun for high-titered anti-A and anti-B 
serums to be selected and used for future grouping tests at the Cin- 
cinnati General Hospital. 

PROCEDURE 

Samples of blood were drawn from large numbers of volunteers and _ tested 
according to the Coca method of slide titration for serum agglutinins.“ Each serum 
was diluted 1:10 with physiologic solution of sodium chloride. A 1:4 saline 
suspension of each of known A and B cells was made. A measured drop of each 
of the suspensions was added to a drop of equal volume of each diluted antiserum 

a glass slide. The time to the first macroscopic clumping was carefully noted 
in each instance. 

DATA 

\nti-A and anti-B serums were found which would, when diluted 
1:10 with physiologic solution of sodium chloride, agglutinate a 1:4 
suspension of known sensitive anticells in five seconds macroscopically * 

table 2). The potency of the serums in further dilution is shown in 
table 3. The comparative titer of the test serums with three commercial 
serums bought in the open market in 1938 is shown in table 4. The 
method of serial titration was used. With this method progressively 
doubled dilutions of 0.2 cc. of the serums are mixed with a fixed amount 
(0.2 cc. of a 2.5 per cent suspension) of sensitive anticells. The titer 
of the serum is given by the reciprocal of the highest dilution at which 
agglutination occurs at the end of two hours. The tests were made 
simultaneously, and the same anticell samples were used against all 
serums., 

RESULTS 

Test serums of this potency have been adopted for regular use during 
the past four years at the Cincinnati General Hospital. Reliance now 
has been placed on macroscopic grouping combined with the Coca com- 
patibility test for direct matching as reported by Ames and me? after 
more than 12,000 consecutive tests prior to transfusion. 

®. Coca, A. F.: A Slide Method for Titrating Blood Grouping Serums, J. Lab. 
« Clin. Med. 16:405, 1931. 


7. Hoxworth, P., and Ames, A.: Blood Grouping and Compatibility, J. A. 
M. A. 108:1234 (April 10) 1937. 
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TECHNIC 
Approximately 10 drops of blood is obtained by finger puncture 
and defibrinated in a Wassermann tube by whipping with a. wooden 


TABLE 2.—Potency of Anti-A and Anti-B Serums 


Time to First 
Serum Cell Macroscopic 
Dilution Dilution Clumping 


Grade I (Coca)......... inebanaeean deans 1-4 11 seconds 


Commercial (1) anti-A - 15 No agglutinatior 
None 14 seconds 


DERE sisescadsesbebuees ee ccrovcccsse 36 No agglutination 
None 8 seconds 
Commercial (2) anti-A Los No agglutinatior 
None . 16 seconds 


Anti-B aa ee dk cidientcoorieeaed win 15 - No agglutination 
None 10 seconds 
Serum at Cincinnati General 
Anti-B 


5 seconds 
5 seconds 


TABLE 3.—Potency of the Serums in Further Dilution 


Time to First 

Serum Cell Macroscopic 

Dilution Dilution Clumping 

Anti-A . punlnieitetenwiakwendatine eyerity ee api 1-14 1-% 
1-16 1 

Anti-B . eheawhan ie Ghinpacitne marie 1-14 1- 
1 


20 seconds 
* 60 seconds 
15 seconds 


1-16 50 seconds 


TABLE 4.—Comparative Titers of Test Serums and Commercial Serums 








Serum Titrations Agglutination at End of Two Hours 


- A 


Dilution see 2 8 16 32 i | 128 
Commercial (1) anti-B... 
Anti-A 


Commercial (2) anti-B. 
Anti-A 
Commercial (3) anti-B. 


Anti-A 
Cc. G. H. anti-B 


Age 3 mo. anti-A. 


applicator for five minutes. This quantity is sufficient for grouping 
and for several compatibility tests. Separation of cells and serum is 
not desirable. 

Grouping.—Large drops of high-titered test serums anti-B and anti-A 
are placed on the left and the right end, respectively, of a glass slide 
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Defibrinated blood is added to each drop of serum and thoroughly mixed 
with the aid of a platinum loop. The slide is tilted back and forth over 
4 white background in bright light and observed macroscopically for 
clumping. Agglutination is striking and if serum of grade 1 (Coca *) 
is used will be complete in less than one minute. When no agglutination 
is seen after one minute on either side, the slide is placed under a Petri 
dish with wet blotting paper and observed again fifteen minutes later 
as a precaution against weak agglutinogens. 

Matching—A 1:1, or 50 per cent, suspension of the recipient’s 
defibrinated blood is prepared in the stem of a white blood cell—counting 
pipet by drawing blood up to the 0.5 mark and then filling to the 1.0 
mark with physiologic solution of sodium chloride. The blood is diluted 
1:1 with saline solution because agglutination cannot be differentiated 
microscopically in any greater concentration and because dilution inhibits 
undesirable rouleau formation. The diluted blood is deposited on the 
left end of a glass slide and mixed by means of a jet of air blown from 
the pipet. An identically prepared suspension of the donor’s defibrinated 
blood is placed on the right end of the same slide, and one fifth of this 
drop (two divisions of the pipet) is transferred to the drop of diluted 
recipient’s blood. This 1:5 ratio is based on the assumption that 500 
cc. is to be transfused to a patient whose blood volume is depleted 50 
per cent, or approximately 2,500 cc. It provides a wide margin of 
safety in transfusions from a “universal” donor, as dangerously potent 
agglutinins will not be completely absorbed in this concentration with- 
out manifest agglutination.* The 1:5 mixture of the donor’s and the 
recipient’s blood is then stirred with a platinum loop or a glass rod, 
and the slide is placed under an inverted Petri dish with a piece of wet 
blotting paper. After fifteen minutes the mixture is again agitated and 
observed microscopically under low power for agglutination. 

Care must be taken not to confuse rouleau formation with agglutina- 
tion. The former can always be broken up by stirring, while the latter 
will be intensified. Agglutination will be striking if an error in grouping 
has been made, but a little practice is required to estimate the degree 
of agglutination of the recipient’s cells by a “universal” donor’s agglu- 
tinins in the presence of nonagglutinable cells forming rouleaux. Unless 
the agglutination is so definite and conspicuous that there is no question 

' confusion with rouleau formation, the blood may be pronounced 
ompatible. 

A recheck on the results of each grouping test at the end of fifteen 
minutes has been routine practice, and in no case has later agglutination 
appeared which was not present during the first minute. The accompany- 


8. Levine, P., and Mabee, J.: A Dangerous “Universal” Donor Detected by 
the Direct Matching of Bloods, J. Immunol. 8:425, 1923. 
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ing photograph shows group A agglutination fifteen seconds after 
ordinarily sensitive anticells were mixed with the test serums now jp 
use. 

Occasionally, however, cells are encountered in which the agglutino- 
gen is very weak. This is particularly true of the A agglutinogens jp 
bloods of group A, and A.B. In table 5 the action of three commercial 
test serums is compared with the action of anti-A serum, now in use 
at the Cincinnati General Hospital, when placed with a sample of group 
A cells of low agglutinogen titer. 

The necessity for use of test serums of unusual agglutinin titer in 
order to prevent erroneous grouping and consequent transfusion acci- 
dents cannot be overstressed. Further emphasis will be given to this 
subject in succeeding parts of this report. 

These serums were regularly provided for all departments at the 
Cincinnati General Hospital, the Children’s Hospital and the Christian 
Kk. Holmes Hospital for three years at a total cost of $200 for 1,500 cc 
of serums used. The cost of commercial test serums in the same 





| aeatenenintiinconn 


Group A agglutination fifteen seconds after the blood was mixed with th 
serums. 


quantity would range from $2,250 to $6,000. Since Dec. 10, 1938, the 
serums have been selected in the surgical laboratories at the Cincinnati 
General Hospital and are distributed by the William S. Merrell Com- 
pany on a nonprofit basis through agreement with the board of trustees 
of the University of Cincinnati. This arrangement was made in order 
to insure a permanent supply of the test serums in the future. 

For the past four years the same two donors have supplied all th 
anti-A and anti-B test serums used. However, donors whose serums 
excel the requirements of Coca’s grade 1 and particularly those wl 
meet the aforementioned standards are rare, and finding them is accom- 
plished only after considerable search. Consequently, methods for con 
centrating the hemagglutinins in serum may be highly desirable 


insure an unlimited supply. Artificial concentration by alternate freezing 
and thawing was reported by Terry.? The lyophile method of drying 


9. Terry, M. C.: High-Titer Blood Grouping Serum, Proc. Soc. Exper. Bio! 
& Med. 33:14, 1935. 
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serum! as reported by Flosdorf and Mudd * was utilized by Mahoney 


and me'' to accomplish the same purpose. This was done by redis- 


solving dried serum in less than the original volume. The resulting 
product was found to have a hemagglutinin titer in inverse proportion 
to the reduction in volume and to be suitable for use as test serum. 


CAUSE AND PREVENTION OF HEMOLYTIC BLOOD TRANSFUSION 
REACTIONS 

Many of the untoward accidents which follow the transfusion of 
incompatible blood are of the delayed or hemolytic type, resulting from 
hemolysis of the cells of the donor or those of the recipient in the blood 
stream. The clinical and pathologic pictures in cases of hemolytic trans- 
fusion reaction have been lucidly described by Bordley ** and by Baker 
and Dodds.** The syndrome is usually characterized by a sharp febrile 
reaction within a few hours of the transfusion. This may or may not be 
distinguished by signs of immediate reaction or followed by jaundice. 


TasLe 5.—Group Az Blood With Cell Factor of Low Titer (Equal Parts 
Whole Blood and Serum) 








Time to Macroscopic 
Agglutination in Minutes 
Anti-A Commercial =~ on 
Serum y 3 4 5 


0 
+ 
0 

7+ 


Hemoglobinuria and oliguria or anuria follow. Suppression of urine 
continues for several days, accompanied with the signs, symptoms and 
laboratory findings associated with progressive uremia. Uremic death 
occurs or a diuretic recovery begins on the fourth to the eighteenth 
day. The mortality rate was approximately 65 per cent in 42 reported 
cases. The autopsy observations are central lobular necrosis of the liver 
and pale, edematous kidneys, with degenerative changes in all tubular 
epithelium. 

It has been shown in the laboratory that isohemolysins correspond 


qn 


i specificity to the isoagglutinins which are normally present in serum. 


10. Flosdorf, E. W., and Mudd, S.: Procedure and Apparatus for Preservation 
‘Lyophile” Form of Serum and Other Biological Substances, J. Immunol. 29: 


389. 1935 


ll. Hoxworth, P., and Mahoney, E.: Artificial Concentration of Test Serums 

Blood Grouping, J. A. M. A. 111:1554 (Oct. 22) 1938. 

12. ordley, J.: Reactions Following Transfusion of Blood, with Urinary Sup- 
pression and Uremia, Arch. Int. Med. 47:288 (Feb.) 1931. 


me Baker, S. L., and Dodds, E. C.: Obstruction of the Renal Tubules During 
¢ Excretion of Haemoglobin, Brit. J. Exper. Path. 6:247, 1925. 
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Hemolysins occur in about 30 per cent of the cases in which it would 
be expected according to the Landsteiner rule of the blood groups if 
fresh testing serum is used.'* If the testing serum used, however, has 
been stored in an ice box for about two weeks it will become inactivated 
as far as hemolysins are concerned.'* On the test slide agglutination 
always precedes hemolysis, but the one phenomenon may be more 
apparent than the other. Agglutination usually predominates, but jin 
rare instances hemolysis may be the more pronounced, preceded only 
by a very transient agglutination phase. Under such circumstances 
hemolysins are of practical importance, because they may mask true 
agglutination and lead to errors in blood grouping. It has been shown 
that it is the serum factor which determines the predominance of 
agglutination or hemolysis when incompatible cells are added.'* There- 
fore, by selection of a high-titered test serum free of hemolysins one can 
predetermine most incompatibilities, whether the incompatibilities are 
evidenced by agglutination or hemolysis. 

The presence of atypical agglutinins in the serum of either the donor 
or the recipient will be detected on careful performance of a direct match 
test after the groups of the bloods to be mixed in transfusion are 
determined. Atypical agglutinins not conforming to the behavior of th 
blood groups of Landsteiner must be extremely rare, since in examination 
of the last 3,000 consecutive bloods prior to transfusion at the Cincinnati 
General Hospital there was not a single instance in which two bloods 
of the same group did not show perfect compatibility when the direct 
match was made. Forty-two cases of hemolytic transfusion reaction 
are analyzed in the following studies ; the presence of atypical agglutinins 
has been adequately demonstrated in only 4. In 38 cases, as will be shown 
to be true in the case reported by McCandless from this clinic, the 


accidents may have resulted from failure of the test serums in ust 


properly to detect weak agglutinogens, thereby leading to errors 11 
grouping or to atypical hemolysins. 

In 1930, Bordley '* presented a series of 17 cases of hemolytic trans- 
fusion reaction, 3 of which were his own. McCandless? collected 9 
additional cases from the later literature and added 1, making a total 
of 27. Fifteen cases reported since then are added here, making, 
total of 42 cases in which laboratory data are analyzed. In many of these 


cases the reactions were admittedly due to errors in grouping and com- 


patibility later discovered on recheck by the authors. If the criteria 0! 
agglutination had been more promptly and clearly defined at the time 0! 


14. Wiener, A. S.: Blood Groups and Blood Transfusion, Springfield, Ill 
Charles C. Thomas, Publisher, 1939. 

15. McCandless, H. G.: A Hemolytic Blood Transfusion Reaction with Oliguria 
J. A. M. A. 105:952 (Sept. 21) 1935. 
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the first test, most of these would have been prevented. In other cases 
recheck by ordinary methods of grouping and compatibility showed the 
donor’s and the recipient’s blood to be of the same group. In these 
instances the reactions are either unexplained or attributed to the 
presence of agglutinins and hemolysins which are atypical in their 
behavior. 

Wiener and Peters ** reported 2 cases of intragroup hemolytic trans- 
fusion reaction in which agglutination of the donors’ cells with the 
patients’ serums was demonstrable on chilling but not at room tempera- 
ture. Further tests of these serums against cells of group O bloods 
taken at random revealed agglutination reactions coinciding with those 
given by antirhesus immune rabbit serum as described by Landsteiner 
and Wiener. On the basis of the behavior of cells when placed with 
antirhesus serums, all human bloods were classified by Wiener as Rh + 
or Rh—. In these 2 cases the hemolytic transfusion reactions were 
explained by Wiener and Peters as due to the transfusion of Rh + 
blood to subjects with Rh — blood, resulting in the formation of anti-Rh 
immune antibodies in the serums of the patients which hemolyzed 
the donors’ cells. In their report methods are given for the prevention 
of hemolytic reactions due to Rh factors. In a possible hemolytic trans- 
fusion reaction which occurred in the series of 3,077 transfusions of 
bank blood at the Cincinnati General Hospital the blood of the recipient 
was Rh + and that of the donor was Rh — as determined by Wiener 
on samples sent to him. The Rh complex could not, therefore, have 
played any part in this reaction. 

DATA 


In the following statistical analysis of laboratory data in the 42 cases 
reported, tables 7 to 19 group the cases according to the degree of com- 
pleteness with which they were studied from the laboratory standpoint. 
This facilitates comment on the evident facts. 


Taste 6.—No Record of Grouping or Compatibility Tests Before or After 
Transfusion (2 Cases) 








Case and Author 


Goormaghtigh, N.: Areh. méd. belges 72: 611, 1918 
Santy, J. P.: Lyon chir. 23 : 608, 1926 





COM MENT 


> an . : r 
In 2 cases there was no record of grouping or the performance of 
mpatibility tests. 


\W lener, A. S., and Peters, H. R.: Hemolytic Reactions Following Trans- 
t Blood of the Homologous Group with Three Cases in Which Same 





TasLe 7.—Errors in Both Grouping and Compatibility Found on Recheck 
(7 Cases) 








ee 
—ao 


Case and Author Error Recheck 


Bordley.!2 Ato0 
Lindau, A.: Acta path. et microbiol. Seandinay. 5s 382, 1928........... Oto O Ato0 
Goldring, W., and Graef, I.: Areh. Int. Med. 58: 825 (Nov.) 1936 0toO A too 
Goldring, W., and Graef, I.: Arch. Int. Med. 58: 825 (Nov.) 1936 OtoO Atoo 
Goldring, W., and Graef, I.: Arch. Int. Med. 58: 825 (Nov.) 1936 O0todO A to0 
Younge, P. A.: New England J. Med. 214: 879, 1936 Atoo C10 
Bordley.12 ‘ OtoA 5 
none 





state 
COMMENT 


Seven reactions were admitted by the authors to be due to errors jn 
both grouping and compatibility found on recheck. Four of the cases 
were reported in the recent literature, and from the authors’ description 
it is obvious that more immediate criteria of agglutination, such as would 
have been afforded by the use of testing serums of higher titer, would 


have prevented these accidents. 


TABLE 8.—Grouped as Identical Prior to Transfusion and on Recheck; Compatible 
Before Transfusion ; Donors’ Cells Incompatible on Recheck 
(Four Cases) 











Compatibility 
Group Recipient ———_~___. 
and Donor Celis 
——————+ of Donor Serum 
Before Before of 
Trans- Trans- Recipient 
Case and Author fusion Recheck fusion Recheck 


Shera, G.*: Brit. M. J. 1: 754, 1928 0 0 
Baker and Dodds.1% 0 0 
Copher, G. H.: Arch. Surg. 7: 125 (July) 1923 0 0 
Parr, L. W., and Krischner, H.**: J. A. M. A. 98: 47 

(Jan. 2) 1932 0 0 





* Author believed his Anti-A test serum would not agglutinate the cells of this “A” donor. 
Donor’s cells agglutinated in 65 minutes on recheck of compatibility. 
** Slow hemolysis of donor’s cells. 


Tas_e 9.—No Grouping; Compatible Before Transfusion; Donor’s Cells 
Incompatible on Recheck (Two Cases) 








Compatibility 


poe Ste 

Case and Author Before Recheck 
1. Baker and Dodds.** éaeuee - > 
2. Johnson, R. A., and Conway, J. F.: Am. J. Obst. & Gynec. 26: 255, 1933.. — t 





TABLE 10—Grouped Before Transfusion; No Recheck; Compatible Before; 
Donor’s Cells Incompatible on Recheck (One Case) In 








= —" omp; 
Compatibility 


ns 
Donor’s Cells Wds ( 


a” ~ . 
Author Group Before Recheck t 
Younge, P. A.: New England J. Med. 214: 879, 1936 as + he t 
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COMMENT 

The 7 accidents due to erroneous interpretation of compatibility tests 
jound on recheck may have been due to failure of the test serum in use 
to agglutinate low-titered cell factors or to atypical hemolysins. It is 
significant that in 4 of these cases all bloods were grouped as O. In 
none of the cases of this group was the titer of the test serum used 
stated by the authors. 


Tas_e 11.—Ildentical Groups; Rechecked; No Compatibility Tests (Two Cases) 








Case and Author Group 


Temke, R.: Virehows Arch. f. path. Anat. 2%7s 415, es eee AtoA 
Goldring, W., and Graef, I.: Arch. Int. Med. 58: 825 (Nov.) 1936 





Taste 12—Group Not Determined; Compatible Before Transfusion und 
On Recheck (Four Cases) 











Donor’s Recipient’s 
Cells Cells 
Cc —E ‘ A... 
Case and Author Prior Recheck Prior Recheck 
Boidin, Berthaux and Beyrand: Bull. et mém. Soc. 
méd. d. hép. de Paris 43% 869, 1919............cee-eeeee 
Curtis, A. H.: Surg., Gynec. & Obst. 302 627, 1920..... 
Stewart, 8S. G.: M. Clin. North America 15: 553, 
i. Sinclair, A.8.: Canad. M. A, J. B33: 423, 1936 


In each of these cases the titers of two unknown serums were depended on. 








TaB_e 13—Only Recipient Grouped Before Transfusion; No Recheck; 
Compatible Prior to Transfusion; No Recheck (Two Cases) 








Compatibility 
—_— 





rf al 
Group of Donor’s Recipient's 
Case and Author Recipient Cells Cells 
Bordley. 12 





Taste 14—No Record of Grouping; Both Recipient’s and Donor’s Cells 
Compatible; No Recheck 








Author 
Bancroft, F. W.: Ann. Surg. 81: 733, 1925. 





COM MENT 


In 9 cases the ordinary precautions of performing both grouping and 
‘ompatibility tests prior to transfusion were not observed. Grouping only 
was done in 2 of these cases (table 12). In 7, only compatibility tests 
were made and the titer of an unknown test serum was depended on. 


Che titers of the test serums were not stated in those cases which were 
grouped. 





TasLe 15.—Groups Determined Before Transfusion; No Recheck; Compatibj 
Before Transfusion; No Recheck (Three Cases) 








Compatibility 

te ines — 
Donor’s Recipient's 

Case and Author Group Cells Cells 


1. Oliensis, A. E.: M. J. & Rec. 128: 178, 1928............ “Same Group” oa 
&. Witta, L. J.: 


3. Goldring, W., and Graef, I.: Arch. Int. Med. 58: 825 
(Nov.) 1936 Oto O 





COM MENT 


The 3 cases in table 15 may be subjected to the same criticism as 
those of table 18. 


TABLE 16.—‘Universal” Donor Employed; Donor’s Cells Compatible (One Case) 











Group of Group of 
Author Recipient Donor 


de Gowin, E. L.*: J. A. M. A. 108: 296 (Jan. 23) 1937 AB 7) 








* The a agglutinin of the donor was potent in a 1:80 dilution. In this instance the use of a 
group A or B donor with a low-titered serum factor would have avoided the reaction. 


COM MENT 


This accident was reported in the recent literature and was admitted) 
due to the indiscriminate use of a universal donor. The routine use oi 
the Coca compatibility test, as described later in this report as a method 
for direct matching, prevents such an occurrence. The fact that the 
agglutinins in the donor’s serum were potent in a 1:80 dilution means 
that a marked incompatibility would have revealed itself in this quanti- 
tative test. 


TABLE 17.—Atypical Agglutinins Demonstrated (Four Cases) 








Case and Author 


Culbertson, ©. G., and Ratcliffe, A. W.: Am. J. Identical groups (O) rechecked; atypical 


M. Se. 192: 471, 1936 agglutinin demonstrated in serum of r 
cipient 


Ottenburg, R., and Johnson, A.: J. Immunol. Identical groups (B); atypical agglutinin 


12: 35, 1926 demonstrated in serum of donor 


Wiener and Peters.?¢ Identical groups (O); atypical agglutir 
(anti-Rh) demonstrated in serum of I 
cipient 


Wiener and Peters.?* Identical groups (A); atypical agglutinin 


(anti-Rh) demonstrated in serum ol! 
cipient 





COM MENT 


In 4 cases atypical agglutinins were adequately demonstrated. Use 


of a compatibility test prior to the transfusion, instead of reliance solely 


on the grouping test, may have prevented the giving of two of these 
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transfusions. The others could have been avoided by the method sug- 
gested by Wiener.*® 


laste 18.—Grouped as Identical Prior to Transfusion and On Recheck ; 
Compatible Before and On Recheck (Nine Cases) 








Case and Author Group 


Lindau, A.: Acta path. et microbiol. Scandinay. 5: 382, 1928................... ? 

Payne, R. V.: Guy’s Hosp. Rep. 84: 65, 1934 pais OtoO 
Von Deesten, H. T., and Cosgrove, 8S. A.: Ann. Int. Med. 7: 105, 1933.. ‘ AtoA 
Johnson, R. A., and Conway, J. F.: Am. J. Obst. & Gynec. 2 933... ? 

Johnson, R. A., and Conway, J. F.: Am. J. Obst. & Gynec. 2@: 255, 1933.... Oto O 
Stewart, 8S. G: M. Clin. North America 15 3 553, 1931 Eat <e eeavia Oto O 
eee 2),.s Sees Eile ain GEE MED MENS oc rnctindhnéncussuacnsseesveneddcsedeses Oto O 
MeCandless.* 15 Oto dO 
Goldring, W., and Graef, L.: Oto O 


Cineinnati General Hospital. 


COMMENT 

In 9 cases the accidents were listed as unexplained because in each 
the bloods of the donor and the recipient were grouped and matched 
both prior to and after transfusion. They were found to be of the 
same group and compatible each time. In each of these reports the 
authors did not discuss the titer of the test serums used, and none offered 
evidence to contradict the explanation of a low-titered cell factor. That 
the test serums used in these cases may have failed to show the true 
group of the blood owing to weak agglutinogens is indicated by the 
fact that in all except 3 cases the bloods were grouped as O. (The group 
was not stated in 2 reports.) The case reported by McCandless belongs 
to this group. The clinical picture was typical of a hemolytic blood 
transfusion reaction. 

The blood groups of the donor and the patient were determined as 
group O before transfusion. The test serums used would agglutinate 
ordinarily sensitive anticells readily and were in routine use at that 
time for the testing of bloods prior to transfusion in all cases in the 
surgical service at the Cincinnati General Hospital. A direct match of 
the donor’s and the patient’s bloods showed no agglutination at the 
end of one-half hour. Rechecks on the blood groups of these 2 persons 
were made eight and twelve days after the transfusion. The same test 
serums were used in both rechecks as were used in the original test. 


Direct match during the recheck examinations showed no cross agglutina- 
tion at the end of eight hours. 

In his report, McCandless **° concluded that this hemolytic trans- 
lusion reaction was due to an anomalous or atypical hemolysin present in 
the serum of the recipient which did not obey the rule of the Landsteiner 


Gita ups and caused hemolysis of the donor’s cells in the recipient’s 
blood stream. 





ARCHIVES OF SURGERY 


Two years later, after the selection and adoption for routine use of 
unusually high-titered anti-A and anti-B test serums in the grouping of 
blood prior to transfusion, the bloods involved in McCandless’ case 
were restudied. The blood of the patient was grouped as O, showing no 
agglutination with either the anti-A or the anti-B test serum. The blood 
of the donor was grouped as A, agglutination occurring with the anti-A 
test serum in fifty seconds to such a marked degree that it could be 
seen readily with the naked eye. Ordinarily sensitive group A cells 
showed the same degree of agglutination when placed with this test 
serum in less than five seconds. A direct match between the donor’s and 
the patient’s bloods showed no cross agglutination at the end of eight 
hours. 


On the basis of these data one can only conclude that the cause for 


this hemolytic transfusion reaction was not an atypical hemolysin in the 


serum of the blood of the recipient. The cause was the failure of a test 
serum which had proved satisfactory in the grouping of the usual 
bloods properly to group the blood of the donor. The a agglutinin in 
the serum of the recipient also failed to agglutinate the anticells in the 
blood of the donor. This explains the absence of agglutination in a 
direct match between the two bloods concerned. The agglutinogen A 
present in the donor’s blood cells was of such low titer that it could 
only be shown with test serums of unusually high titer. 


SUMMARY AND CONCLUSIONS 

Although the explanation for the cause of the hemolytic transfusion 
reaction in McCandless’ case is not the explanation for the reactions 
in all of the 42 cases analyzed in the foregoing paragraphs, it is significant 
that the titer of the test serum used was not reported in 40 of the 42 
case reports. The frequency of occurrence of blood group O in both 
the patient and the donor in these case reports is also significant, because 
it is in group O bloods only that no agglutination occurs when anti-A 
and anti-B test serums are placed with the cells of these bloods. 

The blood of McCandless’ donor proved to be of subgroup A,, as 
might be expected, since the agglutinogens of this subgroup are known to 
be weak. The significance of subgroups A, and A, in transfusion reac- 
tions will be considered in succeeding pages. 

Certainly the evidence presented indicates that test serums frequently 
accepted as adequate in many hospitals for grouping the usual blood lack 
the necessary potency for grouping the unusual blood in which the 
agglutinogen is of extremely low titer. Such errors will be detected by 
compatibility tests only if the antiserums are by chance of high potency. 

Atypical agglutinins which do not conform to the behavior of agglu- 
tinins a and b occur rarely. Before any hemolytic transfusion reaction 
is attributed to such a qualitative factor, the bloods concerned should be 
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subjected to an adequate study from the quantitative standpoint. Weak 
agglutinogens will be detected by testing with serums of high agglutinin 


pt tency. 


ROLE OF SUBGROUPS A, AND A, IN TRANSFUSION REACTIONS 

In 1910 von Dungern and Hirschfeld ‘* showed that when a group 
B serum was absorbed with group A cells.the group B serum lost its 
power to agglutinate some group A cells but retained its power to agglu- 
tinate others. On the basis of these observations, they suggested a sub- 
division of group A into groups A, and A, and of group AB into groups 
A,B and A,B. These observations were later confirmed and sub- 
stantiated by many other workers. 


18 


Certain authors ** have contended that the subgroups of A may 
be responsible for transfusion reactions for the following two reasons: 
(1) because they may be incompatible with each other and (2) because 
the subgroups A, and A,B are characteristically weak in agglutinogen 
\ and may not be detected except with test serums of unusually high 
anti-A titer. There is no difference in opinion among observers about 
the latter factor playing a part in transfusion accidents. Without test 
serum of unusually high titer, blood of group A, is frequently erroneously 
grouped as O because of the failure of the A cells to agglutinate, and 
blood of group A,B is frequently erroneously grouped as B for the same 
reason. Obviously such errors in grouping may not be revealed by 
compatibility tests, for the same reason that the bloods were erroneously 
grouped. That is, the anti-A agglutinin in the group O or group B blood 
with which the direct match was made would not be sufficiently potent 
to cause agglutination, and the direct match would be read as compatible. 
Reports of mistakes of this kind are frequent in the literature. The 
accident erroneously reported by McCandless as due to an atypical 
hemolysin is an example from the Cincinnati General Hospital. 

There is much doubt, however, concerning the opinion that incom- 
patibility between groups A, and A, and groups A,B and A,B may be 
responsible for transfusion reactions. Some writers’?® have said that 
the difference between A, and A, is only quantitative and not qualitative 
and that the A, factor is merely weaker than the A factor. They have 
supported their argument with the fact that all anti-A agglutinin may 


17. von Dungern, E., and Hirschfeld, L.: Ueber gruppenspezifische Strukturen 
des Blutes, Ztschr. f. Immunitatsforsch. u. exper. Therap. 8:526, 1911. 

18. (a) Davidsohn, I.: A Method for Recognition of Blood Subgroups A: and 
As, J. A.M. A. 112:713 (Feb. 25) 1939. (b) Blinow, N. I.: Subgroups A: and A; 
and Their Practical Significance, Sovet. khir. 7:335, 1934. 

19. Lattes, L.: Individuality of the Blood, New York, Oxford University 
Press, 1932, p. 72. Friedenreich, V.: Ueber die Serologie der Untergruppen A, 
und As, Ztschr. f. Immunitatsforsch. u. exper. Therap. 71:283, 1931. 
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be washed from a given serum if sufficient A, cells are added, although 
it may take a much greater quantity of A, cells to absorb the serum. 

Those authors who contend that there is a qualitative difference 
between groups A, and A, offer the following evidence to support their 
contentions. One of them De Gowin *°) listed three fatal transfusio; 
reactions in patients with blood of group A given transfusions with blood 
of the same group. Another of de Gowin’s patients received five blood 
transfusions. The patient’s blood was group A; the blood of all five 
donors was group A; reaction followed the first three transfusions, and 
none followed the next two. This is not necessarily evidence of incom- 
patibility between subgroups of A. The reactions he described, such as 
chills and fever, are frequently observed between members of other 
groups and even after intravenous injection of dextrose or saline 
solution. 

Blinow **” reported a higher incidence of transfusion reactions 
between members of blood group A than between members of other 
groups. He also analyzed the subgroups and noted instances in which 
patients of group A, received group A, blood without reaction but had 
reactions regularly when blood of subgroup A, was transfused. Blinow 
also noted reactions of mild and moderate severity characterized by 
chills and fever when the subgroups of the donor and those of the recip- 
ient were identical. 

Some writers *! support their contention of the qualitative difference 
between the subgroups of A by the fact that they have been able occa- 
sionally to demonstrate agglutinin a, in subgroup A, and agglutinin ¢, 
in subgroup A,. Agglutinin a, agglutinates the cells of subgroup A, 
and A,B. Agglutinin a, is very rare, according to these authors; it 
will agglutinate the cells of A, and A.B and, in addition, will agglutinate 
the cells of O. These workers only in rare instances have been able 
to demonstrate this phenomenon at room temperature and only in even 
rarer instances have they been able to demonstrate it at body tempera- 
ture. There are various theories for the explanation of these phenomena, 
notably by Thompsen, Landsteiner, Lederer and Wiener, and the stud) 
of these factors is undergoing considerable investigation at present. 

Evidence to support the contention that transfusion reactions result 
from incompatibility between the subgroups of A appears to be inade- 


quate. The mild and moderately severe reactions characterized only by 
chills and fever at the Cincinnati General Hospital occur just as often 
between members of other groups as between members of group A. To 


conclude that reactions of this nature are due to incompatibilities between 


20. DeGowin, E. L.: Grave Sequelae of Blood Transfusions, Ann. Int. Med 
11:1777, 1938. 

21. Landsteiner, K., and Witt, D. H.: Observations on Human Isoagglutinis 
Proc. Soc. Exper. Biol. & Med. 21:389, 1924. 
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subgroup A, and A, is again hardly justified, since they occur after 
intravenous administration of saline and dextrose solutions. They may 
be attributable to various factors, such as contaminants from glassware, 
rubber tubing and citrate, pyrogenic substances and incipient coagula- 
tive changes in blood. The demonstration of incompatible agglutinins 
between group A, and group A, bloods is only evidence on a glass slide, 
and, as these agglutinins show definite relation to cold agglutinins, they 
may well have no significance in transfusion reactions. 

It can be stated that, despite arguments for incompatibility between 
group A, and group A, bloods and their responsibility for transfusion 
reactions, there is not a single report in the literature in which slide 
evidence of incompatibility between members of subgroup A, and sub- 
group A, bloods has been demonstrated either before or after a severe 
or fatal hemolytic reaction has occurred as the result of the transfusion. 
DeGowin and others have recorded cases of slide evidence of incompati- 
bility following severe and fatal reactions between members of group A, 
but there is no report of the subgroups involved. Hemolytic transfusion 
reactions between members of other groups which are identical, groups 
other than A, do occur, and the reaction in DeGowin’s cases might just 
as easily be due to atypical agglutinins as to incompatibilities between 
subgroups A, and A,. It would seem reasonable to state that the reac- 
tions occurring between members of group A could not be attributed to 
incompatibilities between subgroups if the percentage of reactions occur- 
ring between members of group A was about the same as the percentage 


of reactions occurring between members of other groups, when com- 
pared in a large series of cases studied on the statistical basis of the 
irequency of reactions. In the last 3,077 consecutive blood transfusions 
at the Cincinnati General Hospital there has been no significant increase 
in the incidence of reactions between members of group A as compared 
to members of other blood groups. 





SOME UNUSUAL TUMORS OF THE CERVICAL 
REGION 


THOMAS M. JOYCE, M.D. 


FRANK R. MENNE, M.D. 
AND 
W. E. ZELLER, M.D. 


PORTLAND, ORE, 


Tumors of the face and neck, either inflammatory or neoplastic, are 
readily and frequently recognized early in their development because 
of the direct or mirrored asymmetries, disfigurements and symptoms they 
produce. Although they become evident in their incipiency, their “status 
quo” may often belie the extent of their spread and fail to betray the 
site of their origin. They may furtively appear with shocking sudden- 
ness or languidly ascend from an extensive growth hidden from view 
for a considerable time. Accordingly, while such tumors are frequently 
detected early, they always constitute a serious clinical and surgical 
problem. 

As has been pointed out (Boyd,’), a certain degree of “regional 
classification may be of value.” Midline tumors are frequently con- 
genital ; tumors of the anterior triangle are either metastatic carcinomas 
or tumors of the salivary glands; tumors of the posterior triangle ar 
often primary tumors of the lymph nodes, such as lymphosarcoma and 
the lesions of Hodgkin’s disease. 

In addition to the common tumors that are frequently found in the 
region of the neck, there are inflammatory or pseudoneoplastic enlarge- 
ments which complicate the diagnosis. 

Tumors of the face, both external and internal, tend to give rise t 
secondary extensions that involve the submental surfaces of the neck 
or the upper group of cervical nodes, while tumors originating in the 
chest or in the abdomen tend to spread into the lower cervical nodes 
However, as has been pointed out (Boyd), it is occasionally noted that 


secondary metastases may skip one set of nodes and lodge in a mor 


Read at a meeting of the Pacific Coast Surgical Society, April 6, 1940. 
From the Departments of Surgery and Pathology of the University of Orego! 
Medical School. 
1. Boyd, W.: Tumors and Cysts of the Neck, Tr. West. S. A (1938 
48:172, 1939. 
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distal group, so that the site of origin may remain undiscovered. When 


such a state obtains, a primary site in the pharynx may give rise to 


metastasis in a supraclavicular node, while a new growth in the chest 
may appear in a submental or an upper cervical node. 

In addition to the commonly known and well recognized tumors of 
the cervical region, there are a number which occupy the same region 
and have similar sources but are relatively uncommon. Such neoplasias 
often clinically simulate in every respect those commonly seen, but they 
differ markedly in pathologic pattern, so that their exact nature is not 
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Fig. 1—Drawing of the developmental formations of the foregut, with indi- 
cations of the sources of uncommon tumors. 
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~~ Chese relatively infrequent tumors appear to be definite manifesta- 
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tions ot abnormalities of development of the caudal end of the foregut 
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with its numerous clefts and folds. In some instances they may be 
marked manifestations of responses to functional demands resulting in 


isarrangements and tumefactions with possible abnormal spread. In 


( thers 


they appear to be definite neoplasias, both benign and malignant, 


that cn rine 
at spring from aberrant cell rests or later structural formations ( fig. 1). 
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Such tumors as these may be grouped according to their possible 
site of origin as follows: 


Primary carcinoma of the eustachian tube 
Primary tumors of the salivary glands 
(a) Papillary cystadenoma lymphomatosum 
(b) Pseudoadenomatous epithelioma (benign) 
(c) Massive lymphocytic salivary adenitis (Hashimoto’s disease) yr 
Tumors of the branchial cleft 
(a) Pseudoadenomatous epithelioma (benign) 
(b) Branchiogenic carcinomas 
Tumors of the thymus and other unusual growths involving lymph 
channels or nodes 
(a) Malignant thymoma 
(b) Hygroma 
Tumors of thyroid or parathyroid origin 
(a) Riedel’s struma 
(b) Hashimoto’s disease 
(c) Aberrant thyroid 
(d) Hiirthle cell carcinoma 
(e) Adenomas of the parathyroid 
(f) Adenocarcinoma of the parathyroid 
(g) Liposarcoma 
Miscellaneous tumors 
(a) Tumor of the carotid body 
(b) Ganglioneuroma 
(c) Schwannoma 
(d) Liposarcoma, recurrent 
(e) Rhabdomyosarcoma 
Some of these tumors have been observed by us, and their salient 
clinical and pathologic characteristics are recorded here. 


GROUP 1: PRIMARY TUMORS OF THE SALIVARY GLANDS 


The common tumors of the salivary glands occur most frequently 
in the parotid gland as the so-called mixed tumors (McFarland *). 
Although their incidence, clinical course and complex cytologic struc- 
ture are well known, their origin is still obscure. In addition to these 
well recognized pathologic entities in the salivary glands, occasional 


2. McFarland, J.: Three Hundred Mixed Tumors of Salivary Glands, of 
Which Sixty-Nine Recurred, Surg., Gynec. & Obst. 63:457 (Oct.) 1936. 
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one encounters tumors that are even more extraordinary and complex. 
The following cases are submitted because of the odd embryologic 
patterns observed. 


Case 1—C. G. V., a man aged 68, was admitted to the hospital to the service 
f Dr. E. W. Rockey, complaining of an inactive, painless swelling the size 
of a “small hen egg” on the left side of the neck, below the angle of the jaw. It 
was regarded as a mixed tumor of the parotid gland and was removed. It contained 
about % ounce (15 cc.) of creamy material. The pathologist (Dr. Charles 
Manlove, of the Good Samaritan Hospital) described the tumor as measuring 
5.5 by 4 by 2.5 cm. and weighing 23 Gm.; it was round to oval, brownish red, 
friable and partially cystic. Microscopic sections disclosed a new growth with a 
papillary structure having the epithelial cells in multiple; pseudostriated layers 














Fig. 2 (case 2, group 1).—Gross appearance of a papillary cystadenoma lympho- 
matosum of the parotid. 


resembling those of the respiratory tract. The stroma was characterized by 
numerous lymphoid cells with definite germinal follicles. The tumor was recognized 
as a benign cystic papilloma of branchial cleft origin. Apparent recovery was 
prompt, but the patient was readmitted five and one-half months later, with a 
small lump just below and anterior to the ear. This had appeared two months 
after he left the hospital. The second growth (size of a filbert) was definitely 
encapsulated and occupied the lower pole of the parotid gland. The tumor weighed 
45 Gm. and had a compact structure similar to that of the first tumor grossly and 
microscopically. Sections were submitted to one of us (F. R. M.). Dr. Warren 
Hunter aided in recognizing the character of the tumor, having seen a similar lesion 
reported by Warthin 2@ as a rare teratoid of the parotid region and designated 


y him as papillary cystadenoma lymphomatosum. There has been no recurrence. 


= Warthin, A. S.: Papillary Cystadenoma Lymphomatosum: A Rare Tera- 
id of the Parotid Region, J. Cancer Research 13:116 (July) 1929. 
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Case 2.—J. M. N., a white man aged 40, was admitted to the hospital for 
treatment of a tumor of three years’ duration on the left side of the neck. 
months prior to his admission to the hospital it had begun to grow rapidly. 


tumor was found just posterior to the angle of the jaw and had reached the 
of a “small hen egg.” 


Three 
The 
size 


It was soft, not tender, smooth and movable. There was 


no cervical adenopathy or loss of weight. The diagnosis was tumor of the lef 

















Fig. 3 (case 2, group 1).—Photomicrograph illustrating the papillary pattern 


as well as the intensive lymphoid infiltration of the stroma. 


jaw, probably cystic. After removal, it was referred to one of us (F. R. M.). It 
was found to be covered with a smooth, fascia-like envelope and measured 5 by 4 by 2 
em. It had a brown discoloration similar to that produced by blood pigment. There 
were also smooth areas that contained a pale, soft, putty-like material (fig. 2) 
Sections revealed a typical papillary structure with definite lymphatic accumulations 
and germinal follicles similar to those seen in the tumor in case 1. At present 
there has been no recurrence (fig. 3). 
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Case 3—P. C., a man aged 42, was admitted to the hospital on Aug. 21, 1938, 
‘or removal of a cyst on the left side of the face. The cyst was removed at another 
‘nstitution and was seen by one of us. It measured 2.5 by 2 by 1.2 cm.; it was 
omposed of an irregular, friable, brownish yellow substance within a necrotic 
medium. Microscopie sections disclosed well differentiated small acini with ducts 
nd columnar epithelium having the histologic structure of the parotid gland. 
In certain areas, however, there was papillary proliferation, the cells covering the 
acini having an embryonic malignant pattern that obliterated the acini. The tumor 
vas designated as a papillary adenocarcinoma of the parotid gland. After the 


removal, 550,000 r units of high voltage roentgen therapy was given, in spite of 
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Fig. 4 (case 3, group 1).—Photograph of the tumor (B), including the salivary 
ol- 


gland (4) and a portion of muscle (C). 


which a definite recurrence developed seven months later. Radical resection with 


implantation of radon seeds was carried out. The tissue removed measured 8 
ei 


w 5 by 3 cm. (fig. 4). It was covered with a fascia-like investment; it was 
obulated and whitish and included the submaxillary gland with the attached lymph 


2 excep 


attern 


Microscopically this tumor had an appearance similar to those in cases 1 and 
t for absence of the lymphoid accumulations (fig. 5). The included lymph 
es were not involved. The pathologic diagnosis was papillary adenocarcinoma 
{ the parotid gland. The patient was discharged from the hospital and made an 
uneventful recovery. 


Case 4—C. A., 


] 
( 


an 18 year old white youth, entered the hospital (T. M. J.) 
ning of a tender swelling behind the left ear. He stated that it had become 
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progressively larger for the three years prior to admission but that tenderness 
had developed only during the past several months. It was recognized as a mixed 
tumor of the parotid gland and was resected. It weighed 2.5 Gm. Microscopic 
sections revealed a variable histologic structure consisting of dense, fibrous 
connective tissue with collagen bundles, lymphoid tissue and epithelial aggrega- 
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Fig. 5 (case 3, group 1).—Photomicrograph illustrating the papillary character 
of the tumor, with the delicate stroma free from lymph node accumulation. 


tions. There were many areas of infiltration of plasma cells, lymphocytes, mono- 
cytes and polymorphonuclear neutrophils. The epithelial cells were in multiple 
layers, having the formation of squamous epithelium (fig. 6). There was no 
involvement of the lymph nodes. The pathologic diagnosis was benign squamous cell 
tumor of the left parotid gland (Dr. Thomas D. Robertson). The patient has 
recently (seven months later) returned with a recurrence. 
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Comment.—A summary of the essential data (table 1) in the 4 cases 
discloses that all the patients were men. From this group the tumors 
appear to be most common in the fourth decade of life, although they 
may occur at an earlier or a later age (1 patient was 18 and another 68). 
The tumors were all located in the region of the parotid gland. All of 

















Fig. 6 (case 4, group 1).—Photomicrograph showing the marked squamous cell 
character of the neoplasia. 


the . ° . . Tr ° » 

them were of considerable duration, usually several years. Their clinical 
maniestations simulated those of the “mixed tumors,” and they were 
so designated. Most of them were soft, fluctuant and partially cystic. As 


has been pointed out by McFarland, a certain “ripening” must obtain in 


the so-called mixed tumors before successful and complete surgical 
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removal is effected. This so-called “ripening” is probably nothing more 


than acquisition by the tumor of sharp definition and encapsulation, which 
also develop in these more uncommon tumors. The embryonic character 
of the epithelium indicates that it originates in either the respiratory tract 
or in the pharynx. The outstanding histologic feature is not only the 
papillary arrangement but the stroma, which is delicate and in some cases 
packed with lymphocytes showing numerous large germinal centers 
but without lymph sinus arrangement. Mitoses are, as a rule, absent, 
Warthin (previously mentioned) observed 2 instances (of lesions like 
those in cases 1 and 2) and commented on 2 others, previously recorded. 


TasLeE 1.—Unusual Tumors of Salivary Gland Origin 


Case and Sex, 
Patient Age 


Clinical 
Diagnosis 


Pathologie 


Site Duration Size Diagnosis Comment 


Case 1 M 
c.G. V. 


Below 
angle of 
left jaw 


Several 
years 


“Small hen 
egg” 


Mixed tumor 
of parotid 


1. Benign Returned 
cystic papil- with small 
loma, bran- recurrent 
chial cleft tumor; re- 

. Papillary moved: no 
cystaden- recurrence 
oma lym- 
phomatosum 


oe 


Below 
left ear, 
posterior 
to angle 
of jaw 


3 years 


Cyst on Unknown 
left side 


of face 


Behind 
left ear 


3 years 


He 


“Small hen 
ege” (5x4 
x 2em.) 


Ist removal: 
9>5 9 

~~ & al 

1.2 em.; 2d 
removal: 8 = 
5 x 3em. 


lem.; 2.5 Gm. 


Cystie tumor 
of jaw; 
malignant (?) 


Recurrent 
mixed tumor 
of the 
parotid 


Mixed tumor 
of parotid; 
hard nodule, 
freely 
movable 


Papillary 
cystadenoma 
lympho- 
matosum 


Low grade 
papillary 
adenocar- 
cinoma of 
parotid 


Benign 
squamous 
cell tumor of 
the parotid 


No recurrence 


Given 550,000 
r units after 
Ist operation; 
ho recurrence 


Radical 
treatment 
recommended 
in spite of 
benign 
appearance 


concluded that these neoplasias represent a heterotopia of mucous 


membrane from the pharyngeal entoderm of respiratory or eustachian 
tube anlages, forming unusual and rare teratoids of the parotid region. 
Freshman and Kurland?" in a recent study were able to find 54 such 
neoplasms in the literature. These authors concluded that these lesions 
arise from the branchial pouches and often have a resemblance to either 
thymic cells or the acidophilic cells of the parathyroid gland. Variations 
of these tumors without the characteristic lymphoid structure and definite 
carcinoma formation undoubtedly occur, with some modification of 
type and location, depending on the particular “pouch” from which they 
originate. 


2b. Freshman, A. W.., 
J. Clin. Path. 8:422 


and Kurland, S. K.: 
(July) 1938. 
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GROUP 2: UNUSUAL TUMORS OF BRANCHIAL CLEFT ORIGIN 
While persistent branchial cysts or clefts are relatively common 
clinical entities, the malignant tumors that arise in them are not so fre- 
quent. We were surprised to find in our entire collection only 3 authentic 
instances of primary carcinoma in such embryonic formations. 


Case 1—S. S. R., a 56 year old white man, complained of a slowly growing 
pea-sized swelling in the right submaxillary region, of one year’s duration, and a 
second lump (near the first one), two months old. The patient had received anti- 
syphilitic treatment, and he thought that the last lump had appeared about the time 





a 





Fig. 7 (case 1, group 2).—Photograph illustrating the appearance and location 
of primary branchiogenic carcinoma. 


of the last inoculation. The mass was sore to the touch and painful, and it limited 
motion of the lower jaw. It seemed to lie below the sternocleidomastoid muscle 
and was “fixed to the mandible and skin.’””’ Two roentgen treatments were given 
at different times. At operation (Feb. 3, 1933) a forceps was first inserted care- 
fully into the depths of the mass, and chunks of cheesy, odorless material were 
scoped out digitally. A cavity could be felt extending anteriorly and posteriorly 
for 2 inches (5 cm.). The opening to this cavity was dilated, and the entire cavity 
was gently curetted and then packed with iodoform gauze. A small portion of 
skin and subcutaneous tissue in the region of the incision was sent to the pathologist 
with the tentative clinical diagnosis of actinomycosis of the neck (fig. 7). Micro- 
scopically, sections revealed some epidermis, which suddenly gave way to an 
extensive cellular mass which deeply infiltrated and largely replaced the corium. 
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A part of the surface epithelium and also the neoplasm had undergone ne 


rosis 
and showed secondary infection. Epithelial pearl formation was in evidence. Deep 
in the tumor there were areas of suppuration, hemorrhage and large clumps of 
bacteria. The pathologic diagnosis was branchiogenic epithelioma of the neck 
with necrosis and secondary infection (Dr. Warren C. Hunter). The patient died, 


and postmortem examination was not permitted. 


Case 2.—H. H. R., a woman aged 69, complained of a slowly growing, painless 
mass of two years’ duration, unattached to the skin or to the deep tissues and 








Fig. 8 (case 2, group 2)—Photograph of the branchial cleft tumor, showing 
its soft, lobulated character. 


located in the left upper cervical region. After operative removal the tumor 
(3.5 cm. in diameter) was found to be encapsulated but torn, some of its contents 
being exposed. It consisted of multiple soft masses separated by sinusoid-like 
spaces with smooth white surfaces. The tissue was very soft and was homo- 
geneous in appearance (fig. 8). Microscopically, a definite pseudostratified columnar 
epithelial structure (respiratory type) was observed. The cells occurred in masses 
or atypical papillary formations, with central necrosis accounting for the cyst 
formations. The stroma was largely lymphoid, without germinal follicles and 
with well defined vascularity. The pathologic diagnosis was benign adenomatoid 
hyperplasia of branchial cleft origin (W. C. H.). 
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Case 3.—S. K., a 45 year old woman, entered the hospital on Jan. 2, 1932, 
omplaining of a swelling of the right side of the neck, with difficulty in swallowing. 
fen months previously she had noted a small, painless lump 2 inches (5 cm.) 
below the mandible. It had gradually increased in size, and during the last three 
months the patient had begun to expectorate pus, which she felt came from the 
neck. This progressed to fulness under the chin with a soft swelling of the right 
side, which ruptured and drained one month before admission. Later, a firm, 
iungoid, painless vascular swelling of the palate and the right lateral pharyngeal 
wall appeared, with a corresponding dusky, firm swelling (3 by 4 by 3 inches) 
on the right side of the neck, below and anterior to the angle of the jaw. 
Diagnoses of carcinoma of the tonsil or soft palate, mixed tumor of the parotid 
gland, tuberculous adenitis and actinomycosis were considered. Biopsy of material 
from the pharynx revealegs epidermoid carcinoma with secondary infection. Ten 


TABLE 2.—Unusual Tumors of Branchial Cleft Origin 








Case and Sex, Size and Clinical Pathologic 
Patient Age Site Duration Type Diagnosis Diagnosis Comment 


Case 1 M Posterior 1 year About3 x3 Actinomy- Branchiogenic Patient given 
s.S.R 56 cervical < 2.5 em. cosis carcinoma roentgen 
triangle, with secon- therapy; died 
about middle dary infection 
of sterno- and necrosis 
cleidomastoid 
muscle 


Case 2 Left 2 years Encapsulated Tumor of Branchial Histologic 
H. H.R. 6 infra- cystic mass the neck eyst with structure 
auricular 6x 3.5 x hyperplasia similar to 
region 2.5 em. of respiratory that in case 1, 
and pharyn- group! 
geal types of 
epithelium 


Lump 10 months Pedunculated Carcinoma of Squamous Patient died 

right side dusky swell- tonsil or soft cell carci- 10 days after 

of neck 2 ing 3 x 3 x palate; mixed noma, prob admission; 

inches (5 4 inches (7.6 tumor of ably bran- autopsy 

em.) below < 76x 10 parotid; chiogenic confirmed 

mandible em.) adenitis; diagnosis 
actinomycosis 


days after admission the patient died. The pertinent anatomic observations at 
autopsy were as follows: primary branchiogenic carcinoma of the neck with 
extensive involvement of the base of the tongue, pharynx and right tonsil 
grade IV) ; marked secondary infection; compression of the trachea, and purulent 
tracheobronchitis. 


Comment.—It will be noted, as is generally true, that these tumors 
(table 2) occur after the fortieth year (Ewing *). The most common site 
is the upper part of the neck (infra-auricular) region. In the instances 
reported here the growths were of relatively short duration (ten months 
to two years). They were not unusually large and showed a marked 
tendency to be globular, ramifying cystic formations with secondary 
infection and induration, giving the impression of a chronic granu- 


lomatous process. One of them was confused with actinocycosis and was 


3. Ewing, J.: Neoplastic Diseases, ed. 3, Philadelphia, W. B. Saunders Com- 
pany, 1928. 
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treated accordingly. Another (case 3) was a progressive, massive tumor 
with a distribution highly suggestive of so-called primary lymphoepithe- 
lioma. The other (case 2) had a cellular pattern not unlike that of the 
unusual tumors of salivary gland origin and was considered wholl 
benign. It is evident from this small group that recognition of primary 


branchiogenic tumors is often difficult, since they may simulate man 
other epidermoid carcinomas of primary or secondary origin in the 
cervical region. The presence of a ramifying infected sinus or of multi- 
ple cysts with cheesy content; late involvement of lymph nodes }y 
carcinoma; early extension to nodes in infections, and elimination oj 
other primary sources are all diagnostically inagortant. The spreading, 
sinusoid character of these lesions makes their removal difficult and 
their prognosis grave. It is possible that these tumors are of frequent 
occurrence but are seen late, when they become indistinguishable from 
other epidermoid carcinomas, particularly “lymphoepithelioma.” The 
per cent of branchiogenie cysts which become malignant is not known. 


GROUP 3: UNUSUAL TUMORS OF THYROID AND 
PARATHYROID ORIGIN 

Hypertrophic or nodular metastases, physiologic, inflammatory, 
pseudoneoplastic or neoplastic, in the thyroid gland are in themselves 
sufficiently complicated to tax the ingenuity of both the clinician and the 
pathologist. In addition to such more usual manifestations, there are 
growths of congenital origin, such as cysts of the thyroglossal duct, sub- 
lingual aberrant thyroids and the substernal aberrant thyroids that are 
generally recognized and occasionally observed. The thyroid gland, in 
addition to these more common pathologic changes, is the site of som 
unusual intrinsic tumors that may give rise to local and occasionally to 
distant disseminations of a peculiar type. In addition (because of the 
close association with the anlage of the thyroid gland), some well rec- 
ognized tumors of the parathyroid may confuse the diagnosis. Accord- 
ingly, we have grouped several of these neoplasias because of their oddity 
and infrequent occurrence. 

Case 1.—J. I. M., a woman aged 59, was admitted to the hospital on March 2 
1940, complaining of nervousness, tremor, loss of weight, a mass in the neck 
palpitation and an afternoon fever (temperature, 100 to 102 F.). She stated that 
six years previously she had been told that she had a toxic goiter, but the symp- 
toms had become severe only one month before admission. Examination disclosed 
a nodular enlargement of the left lobe of the thyroid. The pulse rate never 
exceeded 84. Operation (Drs. W. B. Holden and E. E. Rippey) yielded a thyroid 
gland weighing 80 Gm. One entire lobe was found to contain a soft encapsulate 
nodule. The remaining portion revealed a firm, white to yellow, almost carti- 
laginous-appearing structure which obliterated the normal thyroid parenchyma 
Histologically, in this area there was observed a great reduction in the alveoli 
and extensive fibrosis, with a vast quantity of intercellular collagen. There was 
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irked lymphocytic infiltration, with well formed germinal centers. It was 

‘nted out that this gland could be diffusely hyperplastic, with regression occur- 

ring spontaneously or under the influence of iodine. However, the marked inflam- 

matory picture led to the diagnosis of Riedel’s struma (woody or phlegmonous 
thyroid) together with solitary adenoma. 

















Fig. 9 (case 4, group 3).—Photomicrograph illustrating branching thyroid 
epithelium in a cervical lymph node. 


Case 2—T. B., a 72 year old woman, entered the hospital on Jan. 16, 1939, 


vith difficulty in breathing and swallowing and palpitation of the heart. She 


stated that about six months prior to admission she had noted profuse sweating 
together with a rapid heart and fulness of the neck. The symptoms became more 
Pronounced about two months prior to her admission. It was noted that there 


aS al 


asymmetric bilateral enlargement of the thyroid, which was firm but not 
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tender, with deviation of the trachea to the right. The condition was regarded 


as a diffuse toxic goiter with low grade hypertension. The removed gland 
weighed 340 Gm. The surfaces made by sectioning were large and white. The 
central portion of the cellular areas was soft and vascular. In other places there 


Was spotting with brownish gray areas of obviously colloid-containing lobules 
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Fig. 10 (case 7, group 3).—Photomicrograph of a Hiirthle cell carcinoma of 








the thyroid. 


Histologically, there was observed an abundance of lymphoid tissue with numerous 
germinal centers. The remaining thyroid acini were distinctly inactive rather 
than hyperplastic. The abundance of lymphoid tissue was strongly suggestive of 
lymphosarcoma; however, the fibrosis associated with the lymphoid distribution 
indicated a hyperplastic thyroid gland which had apparently “burned out.” The 
pathologic diagnosis was massive lymphoid hyperplasia of the thyroid gland, 
so-called lymphadenoma or Hashimoto's disease. 
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3.—R. J., a 5 year old boy, entered the hospital on May 28, 1936, with 

a cyst of the neck. The mass was first noted when the child was 1% years old. 

It was drained several times and excised, but recurred. The clinical diagnosis 

of thyroglossal cyst was made, and operative removal followed. Recovery was 

uneventful, with no recurrence. Pathologic examination (W. C. H.) disclosed an 
infected thyroglossal cyst with a heterotopic thyroid. 

Case 4.—B. J., a 19 year old youth, entered the hospital on Feb. 2, 1939, with 

4 small, hard lump in the right side of his neck that had been present for years 

but had increased in size during the previous year. The lymph node was removed, 

and a diagnosis of probable so-called Hiirthle cell carcinoma of the thyroid gland 
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Fig. 11 (case 7, group 3).—Photograph of the nodular hyperplasia of the right 


lobe (4), and the larger, Hiirthle cell carcinoma (B). 


with metastases to the cervical glands was made (fig. 9). No other evidences of 
spread were observed clinically, On the basis of the aforementioned diagnosis 
he patient was given 4,500 milligram hours of radium, and the dose was repeated 
three months later. About three months later, two lymph glands of the neck were 
excised, with a diagnosis of probable metastatic carcinoma of the thyroid gland. 
Later the patient appeared at the tumor clinic, and at present he has had no 
recurrences and is apparently well. 

Case 5.—D. Y., a man 23 years of age, entered the hospital complaining of a 
tumor of the neck about 1 inch (2.5 cm.) from the median line. He stated that 
it bothered him in swallowing and that he had first noticed it ten years prior to 
admission, but he sought medical advice because it had been growing noticeably 
in the previous two months. It was observed that the tumor of the neck was 
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about 1 inch lateral to the thyroid cartilage. 


It was movable and not sensitive 
and was the size of a walnut. 


It was removed, the patient making an uneventfy! 


Pathologic examination disclosed a definite rounded nodule with 
fibrous connective tissue capsule. 


recovery. 2 
It was yellowish and translucent and in certain 


areas had a reddish brown hue. Fibrous connective tissue, a few accumulations 


of lymphocytes and papillary projections were present. 


It was recognized as an 
aberrant papilloma of the thyroid. 


It has not recurred. 


Case 6.—A woman aged 65 came to the hospital complaining of a mass 
She stated that six months prior to this time she had been operated 


her neck. 
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Fig. 12 (case 7, group 3).—Photograph of the surfaces made by sectioning the 
Hiirthle cell tumor. 


on for goiter. About one month before admission the neck began to swell, and there 


were dyspnea, cough and cyanosis and fever. 


Roentgen examination disclosed 
many discrete rounded areas in the chest. 


The patient died two weeks after 
leaving the hospital. Autopsy was not performed, 


A section of the tumor was 
submitted to one of us (F. R. M.) 


for examination. This disclosed a tumor 
with very large polyhedral acidophilic cells with many mitotic figures; it was 
recognized as a carcinoma of the thyroid, of the Hiirthle cell type. 

Case 7—W. D., a 68 year old white woman, was admitted to the h spital 
on March 18, 1939, complaining of difficulty in breathing lasting a few minutes, 
occurring at night and associated with palpitation, She stated that she had had 
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TaBLe 3.—l 


Case and Sex, 
Patient Age 


Case 1 F 
J.1.M 59 


Case 8 


M.L 


Case 9 


J.E. W. 


Case 10 
H. 8. 


'nusual Tumors of Thyroid and Parathyroid Origin 








Site Duration 


Nodule in 6 years 
thyroid 
gland 


Region 
of thyroid 
gland 


1 year 


Cyst in 
region of 
thyroid 
gland 


3% years 


Right Years (?); 

side of has grown 

neck consider- 
ably in the 
past year 


About 1 10 years 
inch (2.5 em.) 

from the mid- 

line to left 

of thyroid 
cartilage 


Mass in 6 months 
region of (7%) 
thyroid 


Left 20 years 
side of 
neck 


7 years 

(treated 
by chiro- 
practor) 


Isthmus About 2 
of thyroid years 


Left side 
of the 
neck; 
mass not 
palpable; 
diffuse 


1% years 
(blood 
ealcium, 
11.1 mg., 
and cho- 
lesterol, 
152 mg. per 
100 ee.) 


Left side 
of neck, 
overlying 
external and 
internal ca- 
rotid arteries 


5 to 6 
years 


Size 


Ist: 8% x(5 
x 3.5em.; 2 
x 4.5 x 

5 ecm. 


~ 
‘ 

» 

“- 


340 Gm.; 10 x 
8 x 8cem.; 
9x6x 4.5 
em.; 5.5 x 3 
x 1.5 ¢m. 


About 1 em. 
in diameter 


4x2 
3x1 
em. 


Unknown 


65x3x4 
em.; 8 em. in 
diameter 


About size 
of grapefruit 
on left and 
of baseball 
on right 


5 em. in diam- 
eter; circular 


2x1x 05 
em.; 1 x 0.6 
x 0.5 em. 
(ealcium- 
phosphorus 
ratio, 3.66 : 1) 


Clinical 
Diagnosis 


Toxie goiter 


Diffuse toxic 
goiter 


Thyroglossal 
cyst 


; Carcinoma 


of the 
thyroid 


Tumor of 
the neck 


Goiter 


Nodular 
nontoxic 
goiter 


Hodgkin’s 
disease or 
lympho- 
sarcoma 


Toxie ade- 
noma of the 
thyroid 


Parathyroid 
tumor 


Carotid body. 
tumor 


Pathologic 
Diagnosis 


Riedel’s 
struma; also, 
solitary 
adenoma of 
the thyroid 


Chronic 
thyroiditis 
(Hashimoto's 
disease) 


Thyroglossal 
eyst and 
heterotopic 
thyroid 


Heterotopic 
thyroid 


Heterotopic 
thyroid with 
papilloma 
formation 


Hiirthle cell 
carcinoma 


Nodular 
adenomatous 
hyperplasia 
of thyroid, 


right; Hiirthle 
cell tumor, left 


Papillary 
carcinoma of 
the thyroid 


Liposar- 
coma (?) 


Diffuse infil- 
trating ade- 
noma of the 
parathyroid 


Adenoma of 
the para- 
thyroid 


Comment 


No connec- 
tion between 
adenoma and 
Riedel's 
struma; 
recovery 


Recovery 


Heterotopic 
thyroid found 
lateral to 
thyroglossal 
cyst 


First diagno- 
sis: adenocar- 
cinoma; 
roentgen 
therapy fol- 
lowing opera- 
tion; recovery 


Recovery 


Metastases in 
lungs; expired 
2 weeks after 
discharge 
from hos- 
pital; no 
autopsy 


Recovery 


Autopsy 
reveals char- 
acteristic dis- 
tribution of 
carcinoma of 
the thyroid 


Recovery 


Marked clin- 
ical improve- 
ment; 
recovery 


Died on 5th 
postoperative 
day: no 
autopsy 
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a swelling on the left side of the neck for the last twenty years. She noted a 
recent 20 pound (9 Kg.) loss in weight, associated with nervousness and frontal 
headaches. She had had several previous operations. Her blood pressure was 
165 systolic and 80 diastolic; her pulse rate was 96. Examination disclosed a soft, 
movable mass in the thyroid, just underneath the sternocleidomastoid muscle, the 











Fig. 13 (case 8, group 3)—Photograph of a papillary carcinoma primary in 
the thyroid. Note the massive local and lateral spreads as compared with the small 
number of nodules seen metastatically in the lungs (anterior view). 


size of a baseball At the lower pole of the left lobe there was a nodule measuring 
6.5 by 3 by 4cm. The right lobe measured 8 cm., was somewhat cystic and was 


grayish white to pinkish red and firm. It was partially hemorrhagic. The final 


. . . - . . 1 1 
diagnosis was nodular adenomatous hyperplasia of the thyroid, with a Hiirthle cell 
tumor in the left lobe (figs. 10, 11 and 12). Recovery was complete, and there 
has been no recurrence up to the present. 
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Case 8—M. L., a 69 year old woman, was admitted to the hospital com 
plaining of a growth in the right side of the neck that had been present for 
seven years. The enlargement had been gradual. She received treatment from a 
chiropractor, after which she stated that the mass diminished in size. During this 


time, however, lumps developed on the left side of the neck, and both sides 





Fig. 14 (case 8, group 3).—Papillary carcinoma of the thyroid (posterior view), 
howing deviation of the trachea, encasement of blood vessels and the descent into 
the mediastinum. 


gradually enlarged. There finally developed a choking sensation, and a portion 
ot the gland was removed for biopsy. Physical examination disclosed bilateral 
nodular enlargement composed of more or less discrete glands in the upper cer- 
vical region, with glands matted together in the lower part of the neck. The skin 


vas Ireely movable over them. The extreme nodularity led to the clinical con- 
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clusion that the patient was suffering from Hodgkin’s disease, a lymphosarcoma 
or some other malignant growth. She appeared at the tumor clinic one month 
after her first appearance and at this time consented to a biopsy, which disclosed 
the presence of a papillary carcinoma. She stated that a previous biopsy had 
disclosed a squamous cell carcinoma. Her condition became progressively worse. 





Fig. 15 (case 8, group 3)—Photomicrograph illustrating a metastatic nodule 
in the lung (primary carcinoma of the thyroid). Note the tendency toward 4 
hyperactive, functional structure. 


and she died five months after first being seen. During this interval she had had 
some high voltage roentgen therapy. At postmortem examination an extensive 
primary papillary carcinoma, adenocarcinoma of the thyroid with aberrant lateral 
invasions, massive involvement of all cervical lymph nodes and an extension 
downward into the mediastinum, with multiple metastases to the lungs, was 
observed (figs. 13, 14 and 15). 
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Case 9.—J. E. W., a woman 27 years of age, weighing 226 pounds (102.5 Kg.), 
vas admitted to the hospital on Nov. 4, 1939, complaining of nervousness and 
menstrual difficulties. Her basal metabolic rate was + 30 per cent, and she was 
thought to have a toxic adenoma. She was given compound solution of iodine 
1". S. P., and the nodule was later removed. Pathologic examination showed an 


Fig. 16 (case 10, group 3).—A, reproduction of the roentgenogram of the skull 
r to removal of the parathyroid hyperplasia. B, roentgenogram showing the 


arked filling in of defects after the removal of the parathyroid tumor. Compare 


t ] 


apsulated ce x + as or 
‘psulated cellular mass 5 cm. in diameter. The surfaces made by sectioning 


‘vealed a yellowish brown, soft, somewhat friable tumor having the consistency 
well fixed brain, with small cystic areas filled with a clear fluid. In the 


nter + +} 


tumor there was a definite zone of hyaline scar tissue similar to that 
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commonly seen in solitary adenomas. Microscopic examination disclosed marked 
general vascularity with rather extensive hemorrhages. The connective tissue 
stroma varied considerably. In some places it was delicate, and in other places it 
expanded into bands. The entire tumor was definitely cellular, with uniformity 
in appearance of the cells, a basophilic, often vacuolated, cytoplasm and spindle. 
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Fig. 17 (case 10, group 3).—Photomicrograph illustrating the diffuse hyper- 
plasia of parathyroid tissue into the adjacent fat. 


shaped or round nuclei. Occasional somewhat atypical mitotic figures could & 
seen. Fat stains of the tumor mass disclosed an abundance of lipoid material 
thickly studding all of the cells. The pathologic diagnosis was liposarcoma devel 
oping in an adenoma of the thyroid. 

Case 10.—H. S., a 41 year old man, entered the hospital on April 12, 193%, 
complaining of pain behind his left ear. He stated that he had been well unt 
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ne and a half years before admission, when he had noticed occipital headache 
starting behind the left ear and extending down into the neck. Liquor aggra- 
vated it. He began feeling depressed and felt dull and heavy. He did not appear 
acutely ill. He had normal muscle tone and was well nourished. There was pain 
light pressure over the left side of the skull. Roentgen studies of the skull 
evealed multiple areas of diminished density (fig. 16.4). Another, similar area 
‘ decreased density was noted in the left clavicle. The value for blood calcium 
vas 11.1 mg. and that for cholesterol 152 mg. per hundred cubic centimeters. 
here was a calcium-phosphorus ratio of 3.66:1. Operation for parathyroid tumor 


was carried out. No tumor mass was found, but in the region of the right lower 
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Fig. 18 (case 11, group 3).—Photograph illustrating the massive unilateral 
imor of the parathyroid. 


ty 


lobe, posteriorly, there was found a “small, firm, yellowish, cordlike mass about 
long.” Another mass of fatty tissue, about 1.0 cm. across, was found 
attached to the capsule, Frozen sections made at the time of operation failed to 
ow any other tissue but that having the typical chicken wire appearance of fat. 
\iter the paraffin sections were made, there was found infiltrating the fat a definite 
called Wasserhelle cell (clear cell) diffuse infiltrating adenoma of the para- 
thyroid (fig. 17). After surgical removal of the growth the headaches disap- 
peared, and subsequent roentgenograms of the skull and of the clavicle revealed 
regression of the rarefaction process (fig. 16B). At present the patient is feeling 
rtectly well, 
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Case 11.—B. C., a 56 year old man, was admitted to the hospital on Feb, 8, 
1937, complaining of a tumor of the left side of the neck. It was roughly 
spherical, measuring 5 to 6 cm. in diameter, and was freely movable and solid. 
The blood pressure was 140 systolic and 80 diastolic. At operation (local anes- 
thesia) a tumor overlying the internal and external carotid arteries, intimately 
attached to the jugular vein (removed) and having a questionable attachment to 











. 


f PX et ed 
. tee et 
a s 











Fig. 19 (case 11, group 3).—Photomicrograph illustrating the microscopic 
appearance and the compact character of the new growth. 


the parotid gland was removed. The postoperative condition was poor. Cyanosis 
developed; this was followed by coma, and he died a day later from acute edema 
of the larynx. On pathologic examination, the specimen measured 11 by 8 by © «™. 
The surfaces made by sectioning were moist and partly pale but studded with 
tiny hemorrhages. It had the gross appearance (fig. 18) of a firm but very 
edematous sarcoma (Dr. B. T. Terry). The microscopic section was found t reveal 
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the typical pattern (fig. 19) of a large and extensive parathyroid adenoma (F. 

_\M.). It is unfortunate that other detailed evidences in the history are lacking, 
since there was no complete examination, including roentgen and other investi- 
gations. The pathologist had regarded it as a probable so-called tumor of the 
carotid body. 


Comment.—The instance of Riedel’s struma is presented here for the 
purpose of contrasting the condition with Hashimoto’s disease (case 2). 
Surgeons are sufficiently familiar with this very hard, pseudoinflam- 
matory, “burned-out” type of gland, so ably discussed in the recent 
literature by Hellwig,* Jaffé ° and others, who have regarded it as inflam- 
matory but not necessarily infectious. It is often questionable whether a 
true inflammation exists or whether the process is simply a profound 
hyperactivity that spends itself and excites lymphocytic and connective 
tissue replacement. At any rate, it is noteworthy that in such specific or 
borderline instances myxedema may follow radical removal, because what 
little gland is left behind is similarly obliterated. The instance of Hashi- 
moto’s disease, in which the tissue was so strikingly pervaded by lymph- 
ocytes to the exclusion of most of the acinar structure, raised the question 
whether a true lymphosarcoma was really present. Joll’s® masterful 
review lists some twenty-odd different terms that are applied to such 
modifications of the thyroid gland. Many investigators regard Riedel’s 
struma and Hashimoto’s disease as different stages of the same entity. 
Joll, however, stated that the characteristic histologic changes of Hashi- 
moto’s disease are “a diffuse lymphocytic infiltration associated with the 
presence of germinal follicles with a wide-spread, though peculiar, 
destruction of thyroid parenchyma followed by fibrosis.” The author 
apparently wished to point out that the lymphatic invasion is primary and 
that there are other marked clinical and pathologic differences between 
Riedel’s struma and Hashimoto’s disease. It must be remembered, how- 
ever, that there is a marked tendency in all forms of goiter for eventual 
formation and accentuation of lymphoid follicles; so much so, that 
Warthin * referred to exophthalmic goiter as a lymphatic constitutional 
lisease. It would not, therefore, be impossible for certain unusually and 
peculiarly violent forms of hyperthyroidism to develop maximum 
obliterating phenomena with heavy lymphoid accumulations, simulating 
tumors. It is also noteworthy that in both of these instances (cases 1 
and 2) toxic hyperthyroidism existed. Accordingly, in spite of Joll’s 
masterful paper, there is in it an element of a difference without a 
listinction. 


4. Hellwig, C. A.: Lymphadenoid Goiter, Arch. Path. 25:839 (June) 1938. 

5. Jaffé, R. H.: Chronic Thyroiditis, J. A. M. A. 108:105 (Jan. 9) 1937. 
= Joll, C. A.: The Pathology, Diagnosis, and Treatment of Hashimoto's 
isease (Struma Lymphomatosum), Brit. J. Surg. 27:351 (Oct.) 1939. 


i. Warthin, A. S.: The Constitutional Entity of Exophthalmic Goiter and 
0-Called Toxic Adenoma, Ann. Int. Med. 2:553, 1928. 
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The next 3 instances in this group represent abnormal distributions 
of thyroid gland structure. In 1 instance (case 3) thyroid residue was 


found in a thyroglossal cyst. This was undoubtedly a benign embryonic 


abnormality. In the other 2 instances it was found in the lymphati 
glands. In both there were exhibited forms of papillary hyperplasia com- 
monly associated with simular low grade benign tumors within the gland 
itself. Crile,* in a recent article, pointed to the frequent existence of 
such aberrant thyroid tumors in the adjacent tissues and lymph nodes 
of the neck. He mentioned that these are indistinguishable from papil- 
lary tumors of the thyroid. In 45 of 136 cases reported by him the growt! 
was classified as malignant, but only 2 of the 45 patients died fron 
recurrences. This author further pointed out that many tumors have bee 
diagnosed as carcinoma of the thyroid which had no demonstrabk 
metastases in the lymph nodes. He therefore considered the possibl 
anomalous occurrence of these lesions and stated that all cervical sinuses, 
cysts and embryologic anomalies of the neck show a striking tendency 
to include lymphoid tissue and that benign aberrant thyroid tissue is 
no exception. While it is reasonably possible that such aberrant forma 
tions exist, it must be remembered that there is an intimate and ver) 
rich vascularity of the thyroid gland, which not infrequently permits 
escape of viable thyroid tissue through the capsule or into the veins 
and secondary implantation of such elements with subsequent secondar\ 
growth. Papillary formations within the thyroid gland are exceeding) 
common in all forms of goitrous enlargements. One frequently sees 
invasions of the veins by adenomas or adenomatous lesions of the thyroid 
Simpson * recorded 3 instances of thyroid metastases to bones, discussed 
the existence of so-called “benign metastasizing goiter” and gave Coli 
heim *° the credit for first reporting simple colloid goiter with metastases 
\We also have observed a number of cases in which definitely normal 
appearing thyroid tissue was found in bones. It was Simpson’s cot 
clusion that the belief of some writers that metastatic lesions actuall\ 
represent aberrant thyroid tissue has no basis in fact. To support this 
contention, he further reported 2 instances in which there were osseous 
metastases from microscopically benign thyroid tissue, associated wit! 
clinically benign goiters. There was, however, later evidence of carc! 
nomatous change in 1. Simpson finally concluded that so-called “benig! 
metastasizing goiter” is a term that should be abandoned, there being n 

8. Crile, G., Jr.: Tumors of Lateral Aberrant Thyroid Origin, J. A. M. A 
113:1094 (Sept. 16) 1939. 
9. Simpson, W. M.: Three Cases of Thyroid Metastasis to Bones, with 2 
cussion as to the Existence of the So-Called Benign Metastasizing Goiter, Surg 
Gycec. & Obst. 42:489 (April) 1926. 

10. Cohnheim, J.: Einfacher Gallertkropf mit Metastasen, Virchows Arch 
path. Anat. 68:547, 1876. 
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entity of this particular kind. While it is true that one often observes 
metastatic thyroid nodules that in every way appear to be benign and 
functioning, such lesions must be regarded as not only aberrant but 
neoplastic. It is an established observation that many times the meta- 
static thyroid lesions appear as normal, functioning elements, while one 
may find within the thyroid gland itself distinctive carcinomatous 
changes. Evidence of such a condition is at hand in the instance (case 
8, group 3, fig. 15) in which the metastases in the lungs showed definite 
evidence of a functioning structure. We are, therefore, of the opinion 
that there is a preponderance of evidence to support the contention that 


there is no such entity as histologically malignant and clinically benign 
thvroid infiltration, other than those well recognized congenital dis- 
placements or teratoid inclusions. 

The next two unusual tumors (cases 6 and 7) are peculiar only 
because of the presence of varying degrees of so-called Hiirthle '' cell 
iccumulations. These cells were originally described as large, with an 
ibundant cytoplasm, distinguishable by their considerable size, by their 
finely granular appearance and by the large single nucleus. Their cyto- 
plasm is somewhat acidophilic. Htrthle considered them extracellular 
structures, probably of posterior branchial cleft origin. In many instances 
if thyroid hyperplasia small groups of similar cells can be seen. Occasion 
illy they develop into distinctive carcinoma, maintaining the character- 
stic Hiirthle cell type (case 7). 

Case 8 is an instance of papillary carcinoma of the thyroid that was 
confused with Hodgkin’s disease and lymphosarcoma. It aptly illustrates 
the slow and progressive invasion of cervical tissue and lymph nodes. 
it is unnecessary to point out the maximum concentration of the malig- 
nant neoplasia in the cervical region laterally, in contrast with the 
scattered dissemination down into the lung. 

One instance of an unusual, deceiving tumor (case 9) having the 
ippearance of a definite adenoma with toxicity caused considerable 
surprise because of its richly cellular pattern, indicating a possible 
iesoblastic origin. The abundance of fat together with the cytologic 
ormations led us to the conclusion that this was probably a liposarcoma 
arising in an old adenoma. Ewing stated the opinion that many of these 
so-called sarcomas are in reality carcinomas with spindling of the epi- 
helial cells. Yet one cannot hold that sarcomas of the thyroid never 


mr 
il. 


The pathologic diagnosis in this case was made after detailed 
study and also in the light of the normal existence of fat in thyroid 
pithelium, 


ll. Hiirthle, K.: Beitrage zur Kenntnis des Secretionsvorgangs in der Schild- 
ruse, Arch. f. d. ges. Physiol 56:1, 1894. 
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The last 2 cases in this group are instances of definite parathyroid 


tumors. One (case 10) is of particular interest because of the extensive 
demineralization of bones and the marked clinical manifestations 
occurring in sharp contrast with the scant evidence of tumor. The fact 
that this diffuse parathyroid adenoma was responsible for the excess 
secretion of parathormone is beautifully illustrated by the immediate 
initiation of recovery and reversal of the osseous process that followed 
its removal. For a consideration of this problem of hyperthyroidism, the 
reader is referred to the article by Castleman and Mallory.’* These 
authors concluded that the pathologic observations in the parathyroid 
gland are sharply divided into two types, hyperplasia and neoplasia, 
with the cells of either the “water-clear” or rare granular type. The 2 
instances reported here confirm this concept. 


GROUP 4: TUMORS OF MISCELLANEOUS ORIGIN 


Case 1—J. M., a 65 year old man, entered the hospital with a small lump 
under the chin that had developed two years previously. It was removed but 
recurred and became progressively larger. Examination revealed a large, firm 
rounded mass below the mandible in the midline, not adherent to the underlying 
structure. It was regarded as a cyst of the thyroglossal duct or a degenerating 
lipoma (T. M. J.) and was removed. The pathologist reported a liposarcoma of 
the neck. Radium (5,360 milligram hours from Jan. 8 to 11, 1935) and 3,216 
milligram hours (June 5) was applied postoperatively. The patient returned about 
a year later (Nov. 30, 1936), with another lump which was removed, with further 
resection of lumps and glands on the following dates: Dec. 1, 1936; Aug. 16, 1937; 
March 14, Aug. 11 and Dec. 13, 1938, and Aug. 22 and Dec. 4, 1939, with final 
cessation of recurrences. Roentgen therapy was used as an adjunct. 

Case 2.—F. C. S., a 59 year old woman, entered the hospital on July 8, 1934 
with a large mass on the left side of the neck that had been present for about 
twenty-nine years. She had first noticed it after a slight trauma. It was slightly 
tender to pressure. A month previously the large blood vessels surrounding the 
mass had been ligated. Examination disclosed a large, firm mass extending from 
under the ear almost to the clavicle. A loud bruit was heard. Resection of th 
tumor was performed on July 10. The specimen weighed 44 Gm. and measured 
6 by 4.5 by 3.5 cm. The major part of the external surface was roughened by 
fibrous and fatty tags. There was a portion of artery coursing longitudinally 
through the specimen. On section an encapsulated and mildly lobulated tumor 
was found. At one edge of the section, through the middle, was an empty 
cavernous space with a smooth gray inner lining. The tissue supporting this 
plexus-like group of veins with the larger cavernous space appeared grayish and 
fibrous, cutting with fibrous resistance. The periphery of the tumor (of all but 
the area just described) was composed of glistening brownish yellow tissu 
Microscopically, the more fibrous end and the vascular portion of the tumor 
showed broad, interlacing strands of collagen-containing connective tissue, thi 
out which were numerous vascular channels. These were lined by a single layer 


12. Castleman, B., and Mallory, T. B.: The Pathology of the Parathyroid 
Gland in Hyperthyroidism: A Study of Twenty-Five Cases, Am. J. Path. 11:1 
(Jan.) 1935. 
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; flattened endothelial cells with no muscularis. In this more fibrous area there 
were clusters of elongated to polyhedral cells lying adjacent to capillaries, which 
were in turn lined by a single layer of flattened endothelial cells. The pathologic 
diagnosis (T. D. R.) was tumor of the left carotid body (perithelioma, Ewing’s 
classification). 

Case 3.—S. C., a 55 year old woman, was admitted to the hospital on Aug. 3, 
1939, with a blood pressure of 198 systolic and 100 diastolic, a pulse rate of 100 
and a painful mass in the left side of the neck of six to seven years’ duration. 
She was treated with high voltage roentgen therapy, with no relief. Five years 
previously she had been told that she had a tuberculous gland, but the mass was 
not removed because of the presence of an aneurysm. The pain in the left side 
of the neck became more severe. The mass was not tender or adherent to the 
skin. Pulsations were seen and felt over the lower pole. The clinical diagnosis 
was tumor of the carotid body. The growth was excised (August 8), with liga- 


TasBL_e 4.—Tumors of Miscellaneous Origin 





Site Duration 


Growth 2 years 
under 
chin 


Large 29 years 
mass on 

left side 

of neck 

Left 6to7 
side of years 
neck 


Size 


“Large, firm, 
rounded 
mass” 

(ist tumor) 


44 Gm.; 6 x 
4.5 x 3.5 em. 


52 Gm.; 8 x 5 
< 2.5 em. 


Clinical 
Diagrosis 


Ist diagnosis: 


thyroglossal 
duct eyst (7) 
degenerating 
lipoma 


Submavillary 


tumor 


Tumor of 
earotid body 


Pathologic 
Diagnosis 


ist, lipo- 
myxoma; 2d, 
liposarcoma, 
recurrent 


Tumor of 
earotid body 


Primary 
tumor of 
earotid body 


Comment 


8 resections 
made because 
ot reeurrence; 
no further 
metasiases 
at present 


Recovery 


Died; con 
firms high 
mortality 


with ligation 
of carotid 
artery 


tion of the carotid artery. The patient died the next day. The tumor consisted 
ta flat, encapsulated structure weighing 52 Gm. and measuring 8 by.5 by 2.5 cm. 
"he surfaces made by sectioning were variegated, having in places a brownish 
tint like the adrenal cortex, while the rest was white to pale pink. Microscopically, 
sections disclosed changes similar to those observed in case 2. The pathologic 
liagnosis confirmed the clinical conclusions (T. D. R.). 


Comiment.—Liposarcomas are not infrequent tumors which occur in 
various locations (mediastinum, sole, joints, subcutaneous tissue, 
omentum). They consist of a mixture of adult fat and embryonic fat 
cells, hbrous connective tissue and, not infrequently, large granular or 
smaller round polyhedral cells that “give no hint of their origin” 
(Ewing). They sometimes exhibit a xanthomatous quality. Once initi- 
ated, they run a progressive fatal course if unrecognized and not removed. 
Like connective tissue structures, they tend to ramify and often fail to 
vetray the extent of their spread. In this respect they are similar to 
angiomas, which notoriously recur simply because their definition is 


grossly difficult to detect. The tumor described here was resected eight 


clore it was eradicated (table 4). Many of these tumors have 


times bh 
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been labeled myxomas, fibromyxomas, spindle cell sarcoma or fascial 
sarcomas, and their true nature has often not been disclosed because the 
pathologist fails to stain for fat. Several years ago one of us (F. R. M.") 
had occasion to report on a very large liposarcoma of the omentum. 
Many others, in all parts of the body, have been recognized, and what 
was once called a rare type of tumor is now becoming much more 
common. 

Primary tumors of the carotid body are also relatively uncommon, 
Phelps, Case and Snyder,'* in a recent report, pointed out that there 
were then 159 verified cases in the literature. These authors also stated 
that the tumors are only locally malignant and do not metastasize, 
There is an apparent increased mortality rate when there is a necessity 
to ligate the carotid artery, especially in older patients. These tumors 
do not respond to radiation therapy. Because of their tendency to remain 
localized, removal should not be undertaken when it is necessary to do 
extensive ligations in older patients. These factors are borne out by the 


2 instances reported here (table 4). 


GENERAL COMMENT 


We have presented a collection of 21 uncommon tumors of the 
cervical region with their essential clinical and pathologic abnormalities 
The specific or nonspecific pattern of these neoplasias is better understood 
when one analyzes their confused presenting architecture and views them 
in the light of their embryonic origin. 

It is obvious that the intricate modification of the tubal foregut 
to form the pharynx and all other derivatives is beset with the possi 
bility of isolated embryonic remnants of many varieties, some of which 
may become neoplastic. It is also probable that different parts of the 
structures are incomplete in development that later go on to attempted 
but disordered completion. Such revived embryogenic anlages, then, 
later in life appear as aberrant phenomena, namely, a sinus, a cyst, or a 
vascular or solid, benign or malignant, neoplasm. One must accept the 
basic notion of Cohnheim’s displaced “‘cell rests,” or, what is sometimes 
more apparent, “arrested embryonic architecture,” or admit the reversior 
of mature cells in order to explain many of these abnormalities. 

As has been mentioned by Crile and others, there is an intimate 
anatomic and apparently functional relation between this foregut ep!- 


thelium and lymphoid tissue. It is clearly seen in the normal, and 1s 


13. Menne, F. R.: Primary Liposarcoma of the Great Omentum, Arch. Path. 
22:823 (Dec.) 1936. 

14. Phelps, F. W.; Case, S. W., and Snyder, G. A. C.: Primary Tumors of 
the Carotid Body: Review of One Hundred and Fifty-Nine Histologically Verified 
Cases; Report of a Case, West. J]. Surg. 45:42 (Jan.) 1937. 
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accentuated in the abnormal specimen (fig. 20). All such processes 
as regenerative hyperplasias, papillomas and many of the uncommon 
tumors show this characteristic epitheliolymphatic intimacy. This design 
pervades not only the lesions mentioned here but most goiters, cysts of 
the thvroglossal duct, cysts of the branchial cleft and the more common 








“0 > . . ° ° - 
Fig. 20.—Photomicrograph showing a papilloma of the buccal mucosa, with 


subjacent lymph nodes, 

malignant neoplasias, notably the so-called lymphoepithelioma described 
v Ewing. It is not to be implied that when such tumors as the last 
mentioned or other malignant tumors of the buccal cavity, the naso- 


pharynx, or its accessory derivitions metastasize both epithelial and 


ymph cells spread as a unit. However, it seems certain that the inherent 
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defensive nature of embryonic or mature epidermal cells of foregut 
origin possess the capability of controlling their subjacent comple. 
mentary lymphoid environment. It is this element that many of the 
uncommon tumors have in common. 


SUMMARY 

Twenty-two relatively uncommon tumors of the cervical region are 
reported on, and their clinical and pathologic characteristics are described. 

These tumors consist of 4 derived from the parotid gland, 3 of the 
branchial cleft, 11 from the thyroid gland, 2 from the carotid gland and | 
a liposarcoma of unknown origin. 

While uncommon tumors of the parotid gland have a distinctive 
pattern, they possess clinical characteristics similar to those of the 
so-called mixed tumors as far as recurrence and benignancy are 
concerned. 

Carcinomas of the branchial cleft originate in ramifying secondarily 
infected cysts. 

The unusual spread or so-called heterotopia of thyroid tissue into 
adjacent lymph nodes or into more distant organs and tissues is always 
indicative of neoplasia, regardless of the benign appearance of the metas- 
tatic lesion. 

Tumors of the parathyroid may be diffuse or circumscribed, clear 
celled or granular celled, benign or malignant, with characteristic 
symptoms. 

Tumors of the carotid body are localized tumors which attain serious- 
ness because of their investment of the carotid artery, the ligation of 


which, in removal, is of dire consequence. 


Lipsarcomas of the neck are of low grade malignancy and may recur 
because of lack of definition and incomplete removal. 

There is a more or less consistent relation between epithelial new 
growth and lymphoid tissues in many of the embryonic tumors in the 
cervical region. 

Many of these uncommon tumors might well be labeled uncommon 
tumors derived from developmental errors of the caudal end of the 
foregut. 

Drs. Hunter, Rockey, Pfeiffer, Manlove, Robertson and Larson gave per- 
mission for the inclusion of certain cases in this report. 
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LIPOBLASTIC MENINGIOMA 


W. TRACY HAVERFIELD, M.D. 
JACKSONVILLE, FLA, 
AND 


A. EARL WALKER, M.D. 


CHICAGO 


In their admirable and fundamental classification of the menin- 
siomas, Bailey and Bucy? included one group, the lipomatous menin- 
siomas, which, largely because of their rarity, has received little 
attention. Frequently symptomless, they are usually accidentally dis- 
covered at autopsy. They do not differ morphologically or histologically 
irom the lipomas found outside the central nervous system. In fact, the 
only reason for including them with the meningiomas appears to be the 
fact that they probably are derived from the primitive mesenchyme of the 
head region, which forms the leptomeninx. That they may have a more 
direct relation to the common meningiomas is suggested by the tumor 
to be described, which had a gross and histologic similarity to a menin- 
gioma and contained intracellular fat, which seemed to be the product 
of the normal metabolism of the tumor cells. 


REPORT OF A CASE 


An 8 year old girl was first seen by Dr. Douglas N. Buchanan in the Bobs 
Roberts Memorial Hospital clinic on Feb. 5, 1935, and was admitted to the 
hospital three days later. Her mother recounted the following history: On the 
morning of Feb. 23, 1934, while preparing for school, the patient suddenly became 
unable to talk, although she understood everything said to her. She had no con- 
vulsive movements or twitchings of any part of the body. This aphasia lasted 
about three hours and then completely disappeared. In the fall of 1934 she began 
to have similar attacks, which lasted only about two minutes and occurred every 
lew weeks. Three weeks before admission the attacks became more frequent, 
occurring two to four times a day; two weeks prior to admission twitching of 
the right side of the face and chattering of the teeth were first noticed. During 
these attacks the eyes rolled upward. 

For the first seven months of life she had manifested symptoms of pyloric 
stenosis, which were controlled with atropine sulfate. At the age of 4% years she 
had acute tonsillitis followed by articular pains, for which her tonsils and adenoids 


a removed. At the age of 6 years she had measles and pertussis, and at 7, 
chickenpox. 


ee 


. Fr m the Division of Neurology and Neurosurgery, the University of Chicago 
Clinics. 


L Bailey, P., and Bucy, P. C.: The Origin and Nature of Meningeal Tumors, 
Am. J. Cancer 15:15-54, 1931. 
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The maternal grandmother and a maternal great grandmother had died of 
carcinoma of the uterus and the paternal grandmother of a malignant tumor of 
the eye. The mother and father were living and well. The patient was the first 
child. She had a brother thirteen months younger who was living and well but 
who also had had symptoms of pyloric stenosis in infancy. The third sibling was 
a boy who had died at 10 months, of congenital heart disease. The fourth child 
was a girl who had died at 2% years of age from a sarcoma of the base of the 
skull. The last pregnancy had been suspected of being ectopic, and after an 
exploratory laparotomy it had terminated prematurely at seven months. The child 
had died four hours after birth. 

On examination there were no physical or neurologic abnormalities except a 
soft systolic murmur audible only at the apex of the heart. On lumbar puncture 
the pressure was 175 mm. of cerebrospinal fluid. The Queckenstedt test elicited 
normal responses. The fluid removed contained 1 lymphocyte per cubic millimeter 
and was clear and colorless. The Wassermann reaction was negative. The protein 
content of the spinal fluid was not increased. Examinations of the blood and of 
the urine revealed no abnormalities. Roentgenograms of the skull revealed no 
abnormalities. 

The child was discharged from the hospital with instructions to take ™% grain 
(0.03 Gm.) of phenobarbital three times a day. Her attacks became less frequent 
and remained confined to the right side of the face. In the early part of June 
1935 the attacks began to spread, and for the first time twitchings of the right arm 
and hand were noticed. 

She was admitted to the hospital on June 20 and an encephalogram was taken 
on June 21. This was considered normal except that there was less air over the 
left than over the right occipitoparietal region. The ventricles were not distorted 
or displaced. She was discharged June 23. She continued to have occasional 
attacks of short duration. 

From Feb. 24 to March 13, 1936, she was hospitalized with an attack of acute 
rheumatic fever. Her recovery was satisfactory. 

She was admitted again on May 25 for another encephalogram. Again the 
only abnormality was the decrease in air over the left occipitoparietal region, 
which was interpreted as indicating adhesive arachnoiditis. At this admission the 
reflexes in the right arm were more active than those in the left. After the 
second encephalographic examination she remained in good health and had no 
further convulsions. 

In the spring of 1939 her family noticed that she was somewhat irritable, 
did not get along well in school and in general did not seem like herself. Complete 
neurologic examination in May revealed no abnormality. On August 29 she com- 
plained of headaches and blurring of vision for the first time. Examination showed 
bilateral choking of the optic disk (2 or 3 D.). There was now definite increase 
in the reflexes of the right side of the body, with absence of the abdominal reflexes 
on the right. She was admitted to the hospital on September 5. 

An electroencephalogram revealed delta waves from the left frontal region. 
The visual fields were normal except for enlarged blind spots. Lumbar puncture 
showed an initial pressure of 350 mm. of cerebrospinal fluid. The spinal fluid 


was otherwise normal. Routine roentgenograms of the skull revealed diastasis 


of all sutures, with some erosion along the left coronal suture. 

On September 8 ventriculography was performed. The ventricular system 
was markedly displaced to the right, apparently from a space-occupying leston 
in the left frontoparietal region. With a preoperative diagnosis of left fronto- 
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parietal meningioma, an osteoplastic craniotomy was performed. When the bone 
flap was turned a large, soft, yellowish friable tumor extruded. In the posterior 
part of the field the dura was intact, but anteriorly it was absent, the tumor 
completely replacing it. The inner table of the frontal bone was roughened owing 
to invasion and erosion by tumor. Sharp bleeding during reflection of the bone 
flap caused a fall in blood pressure necessitating a blood transfusion. Only sufficient 
tumor was removed to allow replacement of the flap. The patient left the operating 
room in good condition. After this procedure she showed moderately severe aphasia 
and right hemiplegia. 

After the wound healed she was given seven roentgen treatments of 200 r 
each between September 19 and September 28. It was hoped by this means to 
decrease the vascularity of the tumor so that it might be removed later. She was 
readmitted on October 22, and on October 24 the bone flap was again reflected. 
Although many vessels in the tumor were thrombosed, smart bleeding was 
encountered. Transfusion of blood was necessary. A part of the tumor was 
removed, and again the flap was replaced, much of the tumor being left in situ. 

The third and final stage was performed on November 7. At this time the 
tumor was seen to occupy an extensive area in the temporal and frontal regions, 
extending from the second temporal convolution to within about 2 cm. of the 
midline and from a point 4 cm. posterior to the temporal pole forward for about 
7 cm. The lateral portion of the sphenoid ridge was exposed by removal of the 
tumor. 

The tumor was attached by a small pedicle in the sylvian region. For fear of 
a profuse hemorrhage from this region the pedicle was cut, a small nubbin of 
tumor being left in this region. 

Between November 24 and December 12, 3,000 r was given to the operative 
site in 200. unit doses. Roentgen therapy was resumed Jan. 8, 1940, and a total of 
2,200 units was given in 200 unit doses, the last being given January 19. 

She was seen May 31. The ocular fundi were normal. The visual fields were 
full, having gradually enlarged. She still had marked hemiparesis but was able 
to walk. The right hand was weak and awkward. Stereognosis and position sense 
were severely impaired in that limb. 

She had been attending school and had learned to write with her left hand. 
Her reading had been hesitant but correct; the anomia was less pronounced. She 
relearned many things, such as multiplication tables, much faster than a child 
learning them for the first time. 


Pathologic Picture-—The specimens before fixation had a bright yellow color 


which, combined with their fragmented appearance, gave them a_ peculiar 
resemblance to an omelet. After fixation this yellow color largely disappeared. 

The specimen removed at the first operation weighed 64 Gm. and consisted of 
4 great number of soft, irregularly shaped pieces of friable tissue. On cut section 
alter fixation the surface was egg white and granular. Small oval areas of brownish 
discoloration indicated perivascular hemorrhage. Rarely was there evidence of 
softening or necrosis. 


The specimen removed from the second operation weighed 26 Gm. and con- 
sisted of several pieces of tissue ranging from 5 cm. to less than 1 cm. in diameter. 
his tissue showed areas of hemorrhagic infiltration on the surface, and in places 
‘irombosed vessels could be seen. On cut section the surface was not uniform 
as in the first specimen, but gray and yellow trabeculae separated the tumor 
into white and granular lobules. 
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Fig. 1—A, the general structure of the tumor is well shown. B, the perivascular 
whorls give the impression of thickened vessel walls. Hematoxylin and eosin; 


x 160. 
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The third specimen consisted of three large irregular blocks 7 to 8 cm. in 
‘ameter and numerous smaller pieces of tissue. It weighed 126 Gm. The surface 


; these blocks was grayish and was covered in places with fresh blood. On section, 


the cut surface of the tumor presented a mottled granular appearance, with yellow 


xnd gray streaks penetrating white tissue. There were numerous small brown 
sreas of softening and hemorrhage. 
Representative blocks from each specimen were fixed in solution of formal- 


ichyde, Bouin’s solution and Zenker’s fluid, embedded in paraffin and sectioned. 


Fig. 2—All graduation from spindle cells with small vacuoles to large ballooned 
cells resembling adult fat cells are seen. Such areas were only occasionally observed 
in the tumor, 


The following staining and impregnation methods were used: hematoxylin and 
eosin, phosphotungstic acid—hematoxylin, Herxheimer’s scarlet red stain for fat and 
Perdrau’s method for reticulin. 

The tumor was composed of two types of cells, which bore definite relation 
to each other. The first type, which was numerically much less than the second 
type, consisted of cells with a faintly granular and eosinophilic cytoplasm arranged 
in small sheets with very indistinct boundaries. These cells had large oval or round 
laintly staining nuclei with a few dark chromatin granules and resembled the 
type of cell observed in meningotheliomatous meningiomas. Smaller, dark-staining 
val nuclei, identical with those of the second type of cell, were also present in 
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the cytoplasmic sheets (fig. 1). This second type of cell was typically an elongated 
lanceolate cell with distinct boundaries containing a small amount of faintly granular 
eosinophilic cytoplasm and an oval or bean-shaped vacuole containing fat, which 
usually lay at one pole of the nucleus. The nucleus was oval or elongated, with 
a dark-staining thick membrane, and in some instances contained one or several 
dark staining chromatin granules. In places where these cells were ballooned 
out by the intracellular fat the nucleus was swollen and eccentrically placed, and 
its membrane was crenulated. Where the fat accumulation was even more pro- 
nounced the cells resembled adult fat cells, the nucleus being flattened out and ip 
one corner (fig. 2). 

The cells of the second type had a typical arrangement. They lay parallel, 
forming rows which radiated to the sheets of the first type of cell or around 
blood vessels. Thus they formed whorls about blood vessels and, less frequently, 
about themselves. Because of these perivascular whorls the walls of the blood vessels 
appeared thickened. The tumor was not very vascular, yet areas of necrosis were 
rare (fig. 1). 

Sections stained for fat showed that the previously mentioned intracellular 
vacuoles contained fat globules. Within the cell were also smaller droplets of fat, 
which were not visible in the hematoxylin and eosin preparations. Some fat was 
present in practically every cell and in the cytoplasm of the cells arranged in sheets 
Perdrau preparations showed that the connective tissue was confined to the walls 
of the blood vessels except for a few areas in which reticulin was present along 
the elongated cells (fig. 3). 

Sections from the frontal bone overlying the tumor showed the presence oi 
lanceolate tumor cells (in the haversian canals and diploic spaces). 

The sections from the specimens removed at the second and third operations 
showed a somewhat different histologic picture. Although the general architecture 
of the tumor was much the same, the elongated cells which were arranged in 
parallel or in whorls in the initial specimen were ballooned out in the later blocks. 
There was more intervascular necrosis and hemorrhage, with a consequent increase 
in connective tissue. The walls of the smaller blood vessels were thickened. 


COMMENT 

Pathologic Aspects—rThe histologic appearance of this tumor—the 
sheets of meningotheliomatous cells and the arrangements of the cells in 
whorls and palisades—justifies its designation as a meningioma. The 
presence of intracellular fat does not necessarily indicate that this tumor 
was a lipoblastic meningioma, for many meningiomas show intracellular 
and extracellular fat resulting from degenerative changes in the tumor. 
It may be contended that the large, ballooned-out cells with eccentric 
nuclei having wrinkled membranes were undergoing degenerative 
changes. But many of the lanceolate cells with normal-appearing cyto- 
plasm and a nucleus having a smooth membrane and well stained 
chromatin granules contained globules of fat. That this fat represented 
a degenerative process in what otherwise appeared to be healthy cells 
does not seem likely. Especially is this the case when one considers 
that practically every cell in the tumor contained such fat globules, and 
yet areas of frank degeneration and necrosis were rare. It seems more 
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likely that the intracellular fat was the product of the peculiar functional 
activity of the mesenchymal cells from which the tumor developed. We 
have been unable to find similar examples in the literature, In their 
classic review of meningiomas, Cushing and Eisenhardt? recognized 
lipoblastic meningiomas, but their series contained no example. Through 
the kindness of Dr. Eisenhardt we learned that Penfield and Coburn 
had presented a case to the American Neuropathological Society in 
1939 which resembled this one. They have kindly allowed us to examine 
slides from their case. Although their tumor did not contain such an 
abundance of fat as that in the present case and showed slightly more 
degeneration, it was very similar. 

Clinical Aspects—Although supratentorial tumors comprise about 
one third* of the neoplasms of childhood, meningiomas occur infre- 
quently in this age group (1 to 8 per cent of tumors of the brain ® in 
patients under 15 years of age). The symptoms of these tumors in 
childhood are much the same as in adult life. The patient in the case 
just reported had jacksonian epileptic attacks for about two years. 
Then, after the administration of phenobarbital, the attacks stopped. 
It was assumed—and the normal encephalogram seemed to confirm 
the impression—that the patient was suffering from idiopathic epilepsy 
Not until other phenomena developed was the correct diagnosis estab- 
lished. This stresses the necessity of following all patients suffering 
from convulsive seizures even though sedation relieves the epileptic 
manifestations. 

2. Cushing, H., and Eisenhardt, L.: Meningiomas: Their Classification, 
Regional Behaviour, Life History and Surgical End Results, Springfield, Ill, 
Charles C. Thomas, Publisher, 1938. 

3. Penfield, W., and Coburn, D.: Personal communication to the authors. 

4. Cushing, H.: The Intracranial Tumors of Preadolescence, Am. J. Dis. 
Child. 33:551-584 (April) 1927. 

5. Bailey, P.; Buchanan, D. N., and Bucy, P. C.: Intracranial Tumors of 
Infancy and Childhood, Chicago, University of Chicago Press, 1939. 
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FUNGOUS INFECTIONS OF THE BRAIN 


REPORT OF FOUR CASES 


GILBERT C. ANDERSON, M.D. 
NEW ORLEANS 


\lthough fungous infection of the brain is not a medical curiosity, it 
is sufficiently unusual to warrant the putting on record of even a small 
number of cases, such as the 4 reported here. 

Several collective studies are on record, one of the most important 
of which is the review by Boyd and Crutchfield? in 1921. In 1928 
Jacobson * reported 4 cases, in 1 of which there was cerebral involve- 
ment, and set the number of recorded cases at that time at 92. In 1936 
the California state department of health * reported 450 cases, most of 
which had occurred in California, with 224 deaths. The number of 
cerebral complications in these cases was not mentioned, but Beck,* in a 
review of 286 cases occurring in California up to 1931, had found intra- 
cranial lesions in 18. Courville and Abbott,’ who in 1938 reviewed 
the cases in the Los Angeles County Hospital, observed lesions of the 
nervous system in about 25 per cent of those in which autopsy was 
performed. 

Duckett and Fredeen,® in 1936, reported a case of hydrocephalus 
associated with convulsions in a child 5 years of age. The ependymal 
linings of the ventricles were affected, but no mention was made of a 
discrete granuloma. Storts’ in 1939 reported a case of coccidioidal 

From the Department of Surgery of the School of Medicine of Louisiana State 
University and from Touro Infirmary. 

1. Boyd, M. F., and Crutchfield, E. D.: A Contribution to the Study of Myce- 
toma in North America, Am. J. Trop. Med 1:215-289, 1921. 

2. Jacobson, H. P.: Coccidioidal Granuloma, California & West. Med. 29: 
392-396, 1928, 

3. California State Department of Health: Coccidioidal Granuloma in Cali- 
tornia in 1934-1935, California & West. Med. 46:282, 1937. 

4. Beck, M. D., cited by Courville, C. B., and Abbott, K. H.: Coccidioidal 
Granuloma, Special Bulletin 57, California Department of Public Health, 1931. 

5. Courville, C. B., and Abbott, K. H.: Pathology of Coccidioidal Granuloma 
ot the Central Nervous System and Its Envelopes, Bull. Los Angeles Neurol. Soc. 
3:27-41, 1938, 

6. Duckett, T. G., and Fredeen, R. C.: Coccidioidal Granuloma, J. Kansas M. 
Soc. 37:111-114, 1936. 

7. Storts, B. P.: Coccidioidal Granuloma Simulating Brain Tumor in Child 
| Four Years, J. A. M. A. 212:1334-1335 (April 8) 1939. 
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granuloma simulating brain tumor in a child 4 years of age. He stated 
that this case brought the number of such conditions occurring in chil- 
dren under 5 years of age to 22. 

The usual textbooks on medicine, neurology and surgery have little 
or nothing to say about fungous infections of the brain other than 
torulosis, which seems to have a special affinity for the nervous system. 
Grinker * mentioned actinomycosis but merely said that it is very rare. 


REPORT OF CASES 


Case 1.—W. H. S., a white man aged 34, an attorney, was admitted to Tour 
Infirmary March 21, 1930, and died May 25. His chief complaints were headache 
and mental confusion. 

For the past year he had had headaches, and his business associates, soon after 
these began, observed that he was having lapses of memory and making frequent 
mistakes. Recently he had had occasional loss of consciousness while he was 
working, and periods of mental confusion had become more frequent. For seven 
months his gait had been unsteady, and for the last few weeks he had needed 
support while walking. 

Five years before admission he had had pneumonia, followed by a pulmonary 
abscess which healed in a year without surgical intervention. Eight months 
previously the maxillary sinus had been drained, and three months previously the 
teeth and tonsils had been removed. 

Physical examination showed him to be poorly nourished. He could not 
walk without assistance, and he was disoriented and had hallucinations. General 
examination showed nothing of any particular significance. Neurologic examina 
tion showed early choking of the disks. 

The spinal fluid was clear and under pressure of 26 mm. of mercury; there 
were 140 cells per cubic millimeter, 90 per cent of which were lymphocytes, and 
a 3 plus reaction for globulin. The Wassermann reaction was negative. The 
colloidal gold was markedly reduced in the first zone, and the curve was 
typically paretic. The chloride content was normal, but the value for dextrose 
was less than 0.5 per cent. A smear and a culture were sterile. These data wer¢ 
verified on subsequent examinations, and the Wassermann reaction of the blood 
was repeatedly negative. 

Although the patient had been admitted with a tentative diagnosis of abscess 
of the brain, the absence of any focal signs, together with the spinal fluid picture, 
led to institution of antisyphilitic treatment, under which he improved rapidly 
He began to walk normally, and his mental confusion disappeared. The spinal 
fluid picture, however, showed no improvement, and the disks did not reced 
Within a short time he again became confused. Projectile vomiting developed. 
accompanied by convulsions, during which the head and eyes were turned to the 
left. The disks became more edematous, and, although focal signs were stil! 
lacking, it was clearly necessary to perform at least a decompression in order to 
preserve vision. 

Operation was performed April 30, forty days after admission, by Dr. L. H 
Landry. With the patient under ether anesthesia, a large flap was turned dow! 
in the left frontal region, and the dura, which was very tense, was widely opened 
Exploration with the needle failed to reveal a tumor, a cyst or an abscess. Becaus¢ 
of pressure it was necessary to sacrifice the bone flap in the closure. 


8. Grinker, R. R.: Neurology, Springfield, Ill, Charles C. Thomas, Publisher, 
1937. 
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lhe immediate postoperative course was encouraging. The wound healed 
except in one small area. The patient became rational; there were no further 
onvulsions; vision improved, and he took fluids and food well. Improvement 
vas slow but steady for three weeks, and he was about to be discharged when 
ere suddenly developed high fever, with rapid respiration and cyanosis. Pneu- 

nia was diagnosed by the medical consultant, and there was no response to 
treatment. Death occurred on May 25, the twenty-sixth postoperative day. 

Permission for autopsy was limited to the cranium. The brain showed the 
usual picture of pressure, with wide, flat convolutions and shallow sulci. The 
lateral and third ventricles were markedly dilated, as was the upper portion of 
the aqueduct, which rapidly narrowed, however, to become almost occluded in the 
midportion. The fourth ventricle was not dilated. The ependyma of this region 
and the basal meninges showed coccidioidal ependymitis and meningitis. 

Case 2—L. M. H., a white man aged 24 years, a clerk, was admitted to 
Touro Infirmary Sept. 23, 1935, was discharged November 23, was readmitted 
\pril 18, 1937 and died April 23. His chief complaint was headache. 

Six weeks before the first admission the patient had a constant headache, which 
was occasionally severe but usually dull. He had been very nervous and had lost 
some weight. For two weeks before admission there had been fever but no chills. 

[he temperature on admission was 101 F., the pulse rate 85 and the respiratory 
rate 20. The blood pressure was 120 systolic and 70 diastolic. The patient was 
emaciated and seemed seriously ill. He moved constantly about the bed, and there 
vere twitchings of the face and tremors of the hands. The sensorium was dulled 

Except for moderate leukocytosis, all examinations of the blood, including 
agglutinations, showed normal conditions. The spinal fluid immediately after 
admission was clear and was under a pressure of 8 mm. of mercury. There were 
925 cells per cubic millimeter, 95 per cent of which were lymphocytes, and a 3 
plus reaction for globulin. The Wassermann reaction and the colloidal gold 
reaction were negative. The value for chlorides was 645 mg. and that for dextrose 
5 to 10 mg. per hundred cubic centimeters. Repeated examinations showed a 
gradual reduction in the cell count, with lymphocytes always predominant. The 
oncentration of chlorides remained normal, and that of dextrose was reduced 
Smears and cultures were consistently sterile. 

For two weeks after admission the patient was drowsy and irrational. He 
wept frequently, and there was urinary incontinence. The temperature was of the 
septic type, with elevations to 102 F. 


Then gradual improvement set in, and he was discharged on November 23, 


sixty-one days after admission. The diagnosis was influenzal meningoencephalitis 
He returned to work and remained well for more than two years. 

On March 27, 1937, he had an attack of vertigo, which cleared up within a 
ew days under home remedies. There were no specific complaints, but he did 


t feel well. On April 10 projectile vomiting developed, followed by restlessness 

ich merged into stupor, and he was brought back to the hospital April 18. 

The temperature on admission was 98 F.; the pulse rate was 68, and the 
tspiratory rate was 18. Neurologic examination showed no significant changes 

the physical signs. The spinal fluid, though clear, was yellow and was under 
pressure of 18 mm. of mercury. It contained 200 cells per cubic millimeter and 

ve a 3 plus reaction for globulin. The course was rapidly downhill, and death 
curred April 21, twenty-five days after the first attack of vertigo. 

\utopsy showed the arachnoid thick and opaque, with engorged vessels. The 
rain was flattened, and there was a slight opalescent exudate in the sulci. 
\dhesions were present between the dura and the base of the brain, and small 
ulomatous lesions dotted the surface. The ventricles were dilated and the 
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cerebrospinal fluid cloudy. A large granulomatous mass in the roof of the fourth 
ventricle blocked the aqueduct. On microscopic examination the pia-arachnoid was 
seen to be markedly thickened and infiltrated with lymphoid and plasma cells 
occasional endothelial cells and neutrophils. The blood vessels were engorged 
and the underlying tissues edematous. Section showed a papillomatous growth oj 
the lining of the fourth ventricle, and in the wall was an infectious granulomatoys 
reaction not characteristic of any specific cause. Cultures of the cerebrospinal fluid 
revealed a growth of saccharomycetes. 


and 


Comment.—Obstructive hydrocephalus was present in both these 
cases, caused in the first by occlusion of the aqueduct and in the second 
by a granulomatous mass in the roof of the fourth ventricle. Occlusion 
of the aqueduct is not particularly rare, as Shelden, Parker and 
Kernohan,’ Kernohan *® and Parker and Kernohan*! have shown, but 
in none of their cases was the condition due to mycotic infection. 

In case 1 the diagnosis on admission was abscess of the brain. This 
diagnosis was based on the clinical picture and the history of a previous 
pulmonary abscess. Later the diagnosis was changed to neoplasm, but 
the operative findings did not support it. As this case is examined in 
retrospect and in the light of present knowledge, it would seem that the 
true diagnosis might have been suspected if it had been considered. Th 
patient's home was in Texas, close to the Mexican border, and the spinal 
fluid picture was consistent with that since reported by Courville and 
Abbott.® Coccidiosis in general strongly resembles tuberculosis, and, as 
a matter of fact, the first postmortem diagnosis in case 1 was tuberculous 
meningitis; it was subsequently changed to coccidiosis when the organ- 
ism was identified. The typical refractile membrane and granular center, 
as described by these authors and presented in one of their figures, is 
shown in the accompanying illustration. 

It is quite possible that this patient had an abscess of the lung at the 
time of his death. The pulmonary abscess which had followed pneu- 
monia five years before had never been drained surgically, although it 
had healed clinically. Five years later cerebral symptoms developed and 
were temporarily relieved by decompression. Four weeks later, after 4 
satisfactory clinical recovery from operation, he died of a pulmonary 
complication which clinically was pneumonia. As autopsy was limited 
to the cranium, the pulmonary observations are not available, but it 1s 
significant that a roentgenogram taken shortly before death showed a 
small area on the right side in which the absence of lung markings 


suggested destruction of pulmonary tissue. The roentgen picture was 


9. Shelden, W. D.; Parker, H. L., and Kernohan, J. W.: Occlusion of the 
Aqueduct of Sylvius, Arch. Neurol. & Psychiat. 23:1183-1202 (June) 1930 

10. Kernohan, J. W.: Cortical Anomalies, Ventricular Heterotopias and Occlu- 
sion of the Aqueduct of Sylvius, Arch. Neurol. & Psychiat. 23:460-480 (March) 
1930. 

11. Parker, H. L., and Kernohan, J. W.: Stenosis of the Aqueduct of Sylvius, 
Arch. Neurol. & Psychiat. 29:538-560 (March) 1933. 
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consistent with abscess of the lung, though no actual evidence could be 
adduced, and there was no clinical evidence of the condition during his 
hospital stay. It is entirely possible, furthermore, that the roentgen 
appearance might have been due to the previous abscess. 

The diagnosis in the second case was encephalitis of the influenza 
sroup. Nothing in the history, physical examination or autopsy dis- 
closed the actual route of invasion of the central nervous system, and 
the speculations thus introduced are very interesting. 

Case 3—A white man 35 years of age, a laborer, was admitted to Touro 
Infirmary Oct. 4, 1938, and died October 14. 








Coccidioides immitis (case 1). Note the refractile membrane. 


This patient had been discharged from the hospital four months before, after 
in attack of pneumonia from which he had apparently completely recovered. In 
the interim he had been at work, although for three months he had had frequent 
headaches, which were not associated with vomiting. On the day of admission, 
vhile at work, he suddenly noticed clonic movements of the right arm and of the 
pectoral and abdominal muscles. The convulsions were checked only by deep 
inesthesia. When the patient regained consciousness, he stated that a week 
previously he had been irrational for a short time but had attributed his condition 

food poisoning. The headaches had continued as previously during the next 
‘ew days, with no additional symptoms. For the past twenty-four hours there 
ad been some mental confusion, and paresthesia had been present in the right 
upper extremity. 

Physical examination showed slight weakness on the right side, with greater 
activity of the tendon reflexes than on the left. The abdominal reflexes were 
absent on the right. No clonus or abnormal reflexes could be elicited, and the 
'undi were normal. 
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Roentgenograms of the head and chest revealed nothing abnormal. The spinal 
fluid was clear, and the pressure was 8 mm. of mercury. There were 8 cells per 
cubic millimeter and no globulin. The Wassermann reaction was negative. Thy 
colloidal gold curve was slightly elevated in the middle zone. 

On October 10, the seventh day after admission, the patient had a second 
convulsion, resembling the one which had brought him to the hospital. It was 
followed by hemiplegia and deep stupor. The spinal fluid, although still clear 
was under a pressure of 30 mm. of mercury. There were only 4 cells per cubi 
millimeter, but the globulin reaction was 3 plus. The colloidal gold curve. 
previously, was slightly elevated in the middle portion. 

Operation was performed April 12 with the patient under ether anesthesia 
The diagnosis was abscess of the brain and was confirmed by exploration. Thy 
pus showed no growth on culture. Death occurred forty-eight hours later 

Autopsy showed, in addition to the abscess, diffuse bronchopneumonia of tiy 
right lung, with encapsulated empyema between the lower lobe and the diaphragr 
Cultures of the pus showed pneumococci, Bacillus influenzae and Staphylococcus 
haemolyticus aureus. Microscopic sections showed foci of suppuration containi 
sulfur granules, which led to the diagnosis of actinomycosis. 


@> 


Comment.—This was obviously a fulminating abscess of the brain 


secondary to pulmonary abscess. Actinomycosis was not suspected until 
the microscopic sections were studied. 

Case 4.—R. D., a white woman aged 35 years, a housewife, was admitted t 
Touro Infirmary Aug. 18, 1939, and discharged October 24. The chief complaints 
were twitching of the muscles of the face, headache, vomiting and paralysis oi 
the right arm. 

One month before admission the patient had had a five minute attack of twitch 
ing of the right side of the face, during which the mouth was drawn to the right 
the eyes deviated and the tongue protruded to the right. A week before admissior 
a similar, more severe attack had occurred, after which the speech was thick and 
indistinct. Since that time the patient had been unable to name simple objects 
Three days later she had noticed weakness in the right arm, which rapidl; 
progressed to paralysis. Vomiting had begun at the same time and had continued 

Four months before ‘admission the patient had stepped on a rusty nail in th 
back yard of her home in the country. The resulting wound, which was between 
the first and the second right metacarpal bone, became infected and_ required 
drainage. It was still unhealed. 

The temperature on admission was 99 F., the pulse rate 72, the respiratory rate 
20 and the blood pressure 124 systolic and 80 diastolic. Physical examination 
revealed paralysis of the right upper extremity. The patient was aphasic, as was 
illustrated by her inability to name objects, although she could illustrate their us 
Otherwise her speech was fairly good. There was slight tenderness to percussion 
in the left frontoparietal region. There was a weakness, of the central type, ©! 
the right side of the face. The fundi were normal. The right foot was swollen 
and tender but was not reddened or hot. Wounds on the plantar and dorsal sur- 
iaces discharged thick pus. 

The Wassermann reaction was negative, and the blood picture was within th 
normal range. Urinalysis revealed no abnormality. The spinal fluid was clear 
and under a pressure of 440 mm. of water; there were 6 cells per cubic millimeter 
and a trace of globulin. The Wassermann reaction was negative, and there was 4 
slight elevation of the colloidal gold curve in the first zone. The value for chlorides 
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was 690 mg. and that for the dextrose 93 mg. per hundred cubic centimeter. A 
<mear and a culture were sterile. 

Roentgen examination of the head showed the pineal body calcified; it was 
shifted to the right, downward and backward. Roentgenograms of the chest 
-evealed no abnormalities, and roentgenograms of the right foot showed osteoporosis. 

Operation was performed April 25 with the patient under ether anesthesia, after 
a diagnosis of tumor of the brain. Exploration revealed an abscess of the left 
midirontal region, for which drainage was instituted. Studies of the pus showed 
colonies of mycelial branching filaments containing sporelike bodies and a form of 
mycelium-producing organism. Fresh preparations of pus from the foot showed 
mycelial organisms of the same morphologic structure as those obtained from the 
brain. After careful study the opinion was arrived at that this growth was 
mycetoma, or Madura foot. 

The patient improved slowly after operation. The abscess cavity was extruded 
and removed with the electrosurgical loop. The general condition was good on 
discharge, but there was little improvement in the hemiplegia, and the speech, 
although improved, was still markedly deficient. The patient exhibited considerable 
emotional instability, frequently laughing or crying without reason. 

Epithelium was slowly covering healthy granulations in the wound in the head. 
The foot had twice been widely opened and drained but was not improved, and it 
seemed clear that amputation would ultimately be necessary. During the entire 
illness there was no sign of abscess of the lung either clinically or by roentgen 
examination. 

The patient returned to her home in the country after her discharge and for a 
time seemed fairly well. About four months after leaving the hospital she died 
very suddenly, and autopsy was not permitted. 


Comment.—Although a number of cases of mycetoma have been 
reported in North America, some as far north as Massachusetts and 
Canada, most have occurred in Mexico or near the border. This patient’s 
foot did not present the typical picture of Madura foot, which usually 
develops very slowly and extends over a period of years. It is quite 
possible, however, that the condition might have run the usual course 
had she lived long enough. 

SUM MARY 

Four cases of fungous infection of the brain are reported, in each of 
which the condition was due to a different cause (case 1, coccidiosis ; 
case 2, saccharomycosis; case 3, actinomycosis; case 4, infection with a 
mycelium-producing organism). 


In 2 cases the lesions were abscesses of the brain, and in 2, encephalo- 
meningitis. 


In all 4 cases the diagnosis was verified by microscopic examination, 
and in 3 it was confirmed by autopsy. In the fourth case the culture 
vielded bacteria. 

The preoperative diagnosis in 2 cases was tumor of the brain. 

\ll 4+ cases terminated in death. 


Dr. John A. Lanford, director of laboratories at Touro Infirmary, made the 
logic studies in all of these cases. 


path 





MALIGNANT RENAL NEOPLASMS IN CHILDREN 


REVIEW OF TWENTY-SIX CASES 


C. C. HIGGINS, M.D. 
AND 
SHIVELY Jr, M.D. 


CLEVELAND 


The Wilms tumor is the most common malignant growth affecting 
the kidneys of infants and children. It is estimated that tumors of the 
kidney comprise approximately 25 per cent of all malignant tumors 
occurring in childhod. 

In 1828, Gairdner ' reported the first case of sarcoma of the kidney 
in an infant. Eberth? in 1872 first described this type of tumor and 
suggested that it is derived from remnants of the wolffian body. In 
1875 Cohnheim * and in 1886 Ribbert * stated that the tumor has its 
beginning in aberrant germ plasma from the primitive segments. 
Weigert ° in 1876 stated the belief that the tumor is a congenital adeno- 
carcinoma of the kidney, probably derived from misplaced cell rests. 
Osler * in 1879 described 2 cases of striated myosarcoma of the kidney, 
but he offered no theory as to the origin of the growths. Brosin‘ in 
1884 also stated that the tumor is of congenital origin, and he mentioned 
1 case of congenital sarcoma of the kidney. Likewise, Brock * in 1895 
averred that the derivation is from embryonic cell inclusions embedded 
in the urogenital fold. 


1. Gairdner, E.: Case of Fungus Haemetodes in the Kidneys, Edinburgh M 
& S. J. 29:312-315, 1828. 


2. Eberth, C. J.: Myoma sarcomatodes renum, Virchows Arch. f. path. Anat 
55:518-520, 1872. 


3. Cohnheim, J.: Congenitales, quergestreiftes Muskelsarkom der Nieren, 
Virchows Arch. f. path. Anat. 65:64-69, 1875. 

4. Ribbert: Ueber ein Myosarcoma striocellulare des Nierenbechens und des 
Ureters, Virchows Arch. f. path. Anat. 106:282-295, 1886. 

5. Weigert: Adenocarcinoma renum congenitum, Virchows Arch. f. path 
Anat. 67:492-499, 1876. 

6. Osler, W.: Two Cases of Striated Myosarcoma of the Kidney, J. Anat. & 
Physiol. 14:229-233, 1879. 

7. Brosin: Congenitales Nierensarcom mit quergestreiften Muskel-iasern 
Virchows Arch. f. path. Anat. 96:453-461, 1884. 

8. Brock, G.: Eine Geschwulst der Nierengegend mit quergestreiften Muskel 
fasern, Virchows Arch. f. path. Anat. 140:493-502, 1895. 
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It is obvious that considerable confusion existed as to the exact origin 
or derivation of this neoplasm. This led Wilms ® in 1899 to record his 
monograph on the origin and derivation of this tumor. His theory still 
is the most widely accepted one. He emphasized that several tissues 
observed microscopically in these tumors cannot be derived from the 
wolfian body. Rather, their origin is from the primitive, undiffer- 
entiated mesodermal tissue which can give rise to myotome (skeletal 
muscle), sclerotome (vertebrae), nephrotome (wolffian body) and 
mesenchymal tissue, which gives rise to smooth muscle in the course of 
normal development. 

Several theories have been advanced in recent years, but these are 
reiterations of the previously mentioned ones. However, Ewing *° in 
1934 stated that the tumors originate from the renal blastema, and he 
stressed the role played by metaplasia. 

Recently one of us (C. C. H.) operated on a girl 4 years of age who 
had a Wilms tumor which was of such interest that it prompted a 
review of our cases to add our statistics to those already presented in 
the literature. 

MACROSCOPIC PATHOLOGIC PICTURE 

The tumor may involve any part of the renal parenchyma. It is 
grayish white, solid and firm and, in general, cannot be freed from the 
remainder of the kidney. It is well demarcated from the renal paren- 
chyma, and nodules frequently are present in the substance of the tumor 
and in the remainder of the kidney. As growth takes place, softening 
and hemorrhage in various parts of the tumor are noted. When the gross 
specimen is sectioned, scattered cysts may be encountered. The capsule 
of the tumor is tense and bulges on the external surface, giving the 
appearance of an irregular mass. Since the tumor is encapsulated, early 
invasion of the renal pelvis does not occur. When the tumor increases 
in size the adjacent renal parenchyma undergoes pressure atrophy, while, 
on the other hand, areas of normal renal parenchyma are present. Areas 
of necrotic degeneration may be present in the neoplasm. The pelvis of 
the kidney may appear normal or may be compressed by the growth. 


MICROSCOPIC PATHOLOGIC PICTURE 


Microscopically, the tumor presents many types of tissue in one 
mass. All stages from undifferentiated to well defined differentiated 
cells derived from the three germinal layers may be seen; that is, smooth 


9. Wilms, M.: Die Mischgeschwiilste der Niere, Leipzig, Arthur Georgi, 
1899, pp. 1-90, 


10. Ewing, J.: Neoplastic Diseases, ed. 3, Philadelphia, W. B. Saunders 
Company, 1928. 
I. Higgins, C. C., and Shively, F. L., Jr.: Wilms’ Tumor (Adenomyosarcoma) 
{ Kidney in Children: Report of Case, Cleveland Clin. Quart. 6:265-274 (Oct.) 
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muscle, striated muscle, cartilage, fat and bone. Areas of glandular 
tissue are observed in which some of the acini are well defined, while iy 
other areas such well demarcated acini are not discernible. The tumor has 
a fibrous tissue stroma. It is uncommon to find only one type of tissue 
predominating, and a multiplicity of tissues is usually seen in a given 
section. Likewise, the renal vein or its branches may be involved by the 
tumor. According to Ladd,’* the tumor is characterized by (1) a 
variegated histologic structure; (2) rapid growth after a period of 
slower activity ; (3) the common occurrence of hemorrhage and necrosis. 
which may lead to rupture of the capsule; (4) the possibility of invasion 
of the renal vein or the pelvis of the kidney; (5) the tendency to attain 
a large size before metastasis occurs and (6) the frequency of local 
recurrence and metastasis to regional lymph nodes or remote metastasis 
through the blood stream to the lungs. 


AGE AND SEX 

In Ladd’s ** series the average age of the patients was 2 years and 3 
months. The youngest patient was 2 months of age, and the oldest was 
7 years of age. There were 26 girls and 19 boys. In other series there 
has been a slight predominance of boys; in Kretschmer’s '* group 18 
patients were boys and 6 were girls. 

In this series there were 11 boys and 15 girls, the average age on 
admission being 31% years. The youngest patient was 314 months of 


age, and the oldest was 19 years of age. 


SIDE INVOLVED 

The tumor involved the right kidney in 16 cases and the left kidney 
in 10. Bilateral involvement was not present in any of this group. In 
Ladd’s '* series, the occurrence of the tumor was divided equally between 
the two kidneys. 

CLINICAL ASPECTS 

Progressive enlargement of the abdomen is the first apparent abnor- 
mality (fig. 1). This was noted in 59.8 per cent of this series and was 
present at the time of examination in 25 of the 26 children. The mother 
frequently observes the unsually large abdomen, which progressively 
becomes more prominent. In some instances the mass itself is felt by 
the mother or the nurse while bathing the child. Enlargement of the 
abdominal mass often is unaccompanied by pain, and if pain is experi- 


enced it usually is dull and aching. Pain was the initial symptom 1m 


12. Ladd, W. E.: Embryoma of Kidney (Wilms’ Tumor), Ann. Surg 108: 
885-902 (Nov.) 1938. 

13. Kretschmer, H. L.: Malignant Tumors of Kidney in Children, J. Urol 
39:250-275 (March) 1938. 
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lular 38 per cent and occurred as the disease progressed in 62 per cent of this 
le in series. 

r has Hematuria was the initial symptom in 12.2 per cent and occurred 
issue during the course of the disease in 19.2 per cent of the children. 
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It is of interest that an elevation of temperature of obscure origin 
may be observed. In this series, an elevation of temperature at the 
initial examination was present in 42 per cent, and occurred later in the 
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| was Fig. 1.—A, large Wilms tumor of the right kidney. B, Wilms tumor of the 


other left kidney, 
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disease in 60 per cent, of the children. After removal of the kidney 
f the the temperature returned to normal. 

cperi- Various other symptoms, such as nausea, vomiting, shortness of 
m in 


breath and constipation, may occur, due to pressure of the mass on 


adjacent structures. Loss of strength, loss of weight and anemia are 
evident as the disease progresses. It is thus evident that in many 
instances symptoms referable to the urinary tract do not predominate 


in the clinical picture, and a mass in the abdomen is the first abnormality 
liscernible. 
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DIAGNOSIS 


With the present facilities for investigation of the kidneys, establish- 
ment of an accurate diagnosis is not difficult. The clinical history and 
an abdominal tumor which is gradually increasing in size in an infant 
or a child immediately suggest the possibility of a Wilms tumor. The 
mass usually is solid, firm and not tender or fluctuant. Occasionally 


the tumor is nodular, but more often it is smooth and rounded. Some 
mobility may be present in the smaller tumors, but the large masses are 
usually not mobile. 

The initial roentgenogram reveals a large shadow in the soft parts, 
which may extend across the midline of the abdomen. The intestines 
may be displaced to the opposite side of the abdomen, and the stomach is 
elevated upward. Calcifications may be demonstrable. Excretory 
urographic study is a valuable aid in establishing the diagnosis. Occa- 
sionally, however, visualization of the renal pelvis or calices is not satis- 
factory, owing to the large size of the mass. Certain contraindications 
to intravenous injection of contrast mediums may be present, and it is 
well to recall that subcutaneous injection is satisfactory. Twenty cubic 
centimeters of 35 per cent diodrast is diluted with 80 cc. of physiologic 
solution of sodium chloride, and 50 cc. of the solution is injected subcu- 
taneously over each scapula. Films are made at intervals of ten, twenty 
and thirty minutes after the injection. Intravenous urograms may reveal 
distortion of the renal pelvis, or the pelvis may not be visualized (fig. 
2). For more accurate interpretation, retrograde pyelograms are more 
satisfactory, visualization being much clearer than that secured by intra- 
venous or subcutaneous injections of diodrast. Flattening of the pelvis 
and compression of the calices may be revealed. Ladd ** has stated that a 
normal-appearing pyelogram may be obtained in the presence of a large 
tumor. In this series, however, various deviations from the normal 
pyelogram were noted in every instance. 

Various other tumors must be considered in establishing an accurate 
diagnosis. Sympathetic neuroblastomas arising from the adrenal gland 
and of sufficient size to be palpated by abdominal examination reveal 
downward displacement of the kidney when the pyelogram is studied. 
Aside from this the pyelogram may be normal. Metastases, as a general 
rule, also occur before the growth attains the usual size of a Wilms 
tumor. Polycystic kidney likewise may be differentiated by pyelographic 
studies and tests of renal function. In a like manner, large hydroneph- 
roses produced by aberrant vessels or congenital strictures or bands may 
be ruled out by retrograde or intravenous pyelograms. Although soli- 
tary cysts of the kidney in children rarely attain a sufficient size to 
offer a diagnostic problem, we have observed 1 child in whose case a 
diagnosis of Wilms tumor had been made and a hopeless prognosis 
offered. Exploratory operation revealed an enormous solitary cyst at 
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the lower pole of the kidney. Retroperitoneal tumors and cysts also must 
be ruled out, as such tumors may attain a considerable size before being 
noted. Displacement or rotation of the kidney may be present with or 
without filling defects in the renal pelvis, and displacement of the ureter 
may also occur. Stereoscopic films should be secured to demonstrate 
the relation of the tumor to the kidney. Enlargement of the spleen or 
ovarian tumor is less difficult to differentiate from the Wilms tumor by 
abdominal palpation, rectal examination and pyelographic studies. 

Aspiration biopsy as an aid to diagnosis has not been used in any 
case in this group. 











2.—A, Wilms tumor of the right kidney. B, intravenous urogram showing 


1 Wilms tumor of the left kidney. 


Fig. 


hus, by correct interpretation of the clinical history, by abdominal 
palpation and by excretory urographic or retrograde pyelographic study 
a correct diagnosis may be established in the majority of cases. 


TREATMENT 


After the diagnosis has been established, the treatment must be con- 
sidered. Kerr,* Priestley and Broders,!> Kretschmer,’* Adams and 


l4. Kerr, H. D.: Treatment of Malignant Tumors of Kidney in Children, 
J A. M. A, 112:408-411 (Feb. 4) 1939. 

15. Priestley, J. T., and Broders, A. C.: Wilms’ Tumor: Clinical and Patho- 
gic Study, J. Urol. 33:544-551 (June) 1935. 
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Hunt '* and others have recommended preoperative irradiation followed 
by nephrectomy and postoperative roentgen therapy. 

As a general rule, a Wilms tumor is radiosensitive and diminishes 
remarkably in size during the course of roentgen therapy. However. 
Kretschmer ** reported 1 case in which reduction did not follow roentgen 
therapy. Dean cited the case of a small girl who seemingly is free 
from disease three years and a few months since the instigation of 
roentgen therapy. He stated that there is no evidence of function in the 
treated kidney and that the mass previously present cannot be palpated 
at present. An area of calcification 4 by 6 cm. is demonstrable in this 
region. 


Data in Twenty-Six Cases of Wilms Tumor 








Duration of Follow-Up 
re—— — — A - ~ 
Oto4 5to8 9 to 12 13to24 Wto6 Over @ 
Months Months Months Months Months Months 
No. of -—*—~—-. X——————-,>7— =X -,7-CO Esa -—“~— 


Treatment ADP ADL ADL ADL ADL ADL 


Operation alone 5 : 5 3 3 265 1 2 
Operation and preoperative 

roentgen therapy p P 1 P 1 
Operation and postopera- 

tive roentgen therapy..... 
Operation and preoperative 

and postoperative roent- 

gen therapy 
No operation or roentgen 

therapy 
Roentgen therapy advised 

and refused 
Palliative roentgen therapy 

Wc tect+acvonddasdee 26 

Number living... .. 


Number dead 
Number lost trace of 





* A, alive; D, dead; L, lost trace of. 


Ladd ™* stated: “It is possible that preoperative irradiation facilitates 
the operation and reduces the immediate operative mortality only at 
the sacrifice of an increased late mortality.” It is generally conceded, 
however, that the preoperative irradiation is accompanied by reduction in 
the size of the tumor; the immediate operative mortality is lowered, and 
the tumor, being reduced, can be removed without manipulation, which 
may cause dissemination of the tumor cells. 

In this series, nephrectomy was performed in 20 cases, or 77 per cent 
of the 26. Four patients were deemed inoperable because of extensive 
distant metastasis or unusually pronounced involvement in the affected 


area. Of the remaining 2, with extensive and seemingly hopeless disease, 
roentgen therapy was advised for 1, but this was refused by the parents. 


16. Adams, P. S., and Hunt, H. B.: Differential Diagnosis of Wilms | umor 
Assisted by Intramuscular Urography, J. Urol. 42:689-708 (Nov.) 1939. 
17. Dean, A.: Personal communication to the author. 
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The second child was brought to the clinic in a moribund condition, 
and the parents refused to place the child in the hospital. A summary of 
the results of operation, with or without roentgen therapy, is given 
in the accompanying table. 


SURGICAL TECHNIC 


In the majority of instances adequate exposure may be secured 
through the usual posterolumbar incision, especially after reduction 
of the tumor by roentgen therapy. The vascular pedicle is isolated, 
clamped and divided before the kidney is manipulated, in order to pre- 
vent dissemination of the tumor cells. Similar precautions should be 
used in removal of a hypernephroma of the kidney in an adult. After 
the pedicle has been divided, the kidney is mobilized and removed, with 
as much of the perirenal fatty tissue as possible. If preoperative irradia- 
tion has not been employed and a large mass is present, the trans- 
peritoneal approach offers immediate isolation and division of the renal 
pedicle before the kidney is mobilized. A rectus or pararectus incision is 
adequate and is carried down through the peritoneum. The ascending 
or descending colon is reflected to the opposite side; the pedicle is 
isolated and divided. Again, as much as possible of the perirenal fatty 
tissue should be removed with the kidney. The immediate operative 
mortality in this series was 3 per cent. 


RESULTS 

In our series, nephrectomy alone was the treatment in 8 cases, 
operation with preoperative roentgen therapy in 4 cases, operation and 
postoperative roentgen therapy in 6 cases and operation with preopera- 
tive and postoperative roentgen therapy in 3 cases. Two patients were 
brought to the clinic in a moribund state, and no therapy was advised. 
Roentgen therapy was advised in 2 cases but was refused by the parents. 
In the remaining case palliative roentgen therapy was given. 

There were 13 patients living, 4 dead and 9 lost trace of at the end 
of four months ; 9 living, 6 dead and 11 lost trace of at the end of eight 
months, and 7 living, 8 dead and 11 lost trace of at the end of twelve 
months. At the end of five years, 4 were living and well (1 for forty- 
one years, one for thirteen years, one for six years and one for six 
months); 11 were dead, and 11 were lost trace of in our follow-up 
investigation (see accompanying table). 


PROGNOSIS 


Che prognosis for this group of patients is grave. From a review of 
the literature it is rather difficult to draw conclusions as to the advantage 
ot one type of treatment over another. This is due to incomplete fol- 
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low-up. Confirmatory microscopic study is often lacking. In a recent 
series of 7 cases cited by Kretschmer,’* 1 child received preoperative 
irradiation followed by nephrectomy and postoperative radiation and js 
living three years and four months after operation. A second patient 
is living two years and six months after operation; of the remaining 
patients, 5 died within one year and six months, one year, six months. 
six months and one month after operation respectively. He also men- 
tioned 1 patient, reported on in a previous series, who is living and well 
nine years after operation. This patient did not receive preoperative 
irradiation. 

Of 20 patients cited by Priestley and Broders '* on whom nephrec- 
tomy was performed, 15 are dead, 4 are living and 1 was not traced. 
Campbell ** cited a three year cure of a patient who did not receive pre- 
operative irradiation and a fifteen month cure of a patient who had 
received irradiation. Mintz,'® in reviewing the records of 7 patients 
with Wilms tumor who were operated on at the Massachusetts General 
Hospital, stated that all of these patients died within six months after 
nephrectomy. Of a series of 45 patients in the surgical service of the 
Children’s Hospital in Boston reviewed by Ladd,'* 31 have died. Of 
this group of 31, all but 1 had a recurrence or died within one year of 
operation. In a series of 28 patients operated on in the last ten years, 2 
died from the operation, and 12 died later of the malignant disease. Ladd 
stated that of 14 patients still living, 11 may be classified as probably 
cured, the length of time since nephrectomy varying from one and 
one-half to nineteen and one-half years. 

With new roentgen therapy apparatus and changes in administration 
of therapy in recent years, better results may be anticipated. At present, 
however, it is our impression that preoperative irradiation followed by 
nephrectomy and postoperative therapy offers the most to the patient and 
is the procedure generally accepted at present. 


SUMMARY 


Twenty-six cases of the Wilms tumor are presented. In 20 nephrec- 
tomy was performed. There were no cases in which irradiation was 


used alone, and in only 1 case were palliative measures instituted. 


18. Campbell, M. F.: Primary Malignant Tumors of Urogenital Tract in 
Infants and Children, J. A. M. A. 109: 1606-1611 (Nov. 13) 1937. 

19. Mintz, E. R.: Embryoma of Kidney in Infant with Osseous Metastases 
Report of a Case, J. Urol. 31:79-86 (Jan.) 1934. 
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ABSOLUTE MUSCLE POWER 


THE INTERNAL KINESIOLOGY OF MUSCLE 


ALVIN M. ARKIN, M.D. 


NEW YORK 


If the physiology of muscular contraction is reviewed in the light of 
internal muscle mechanics, a new approach to the physiology of tendon 
surgery is opened. Certain internal rearrangements must occur in the 
structure of the muscle after its range has been lengthened, shortened 
or changed. In the study of these rearrangements the length-tension 
curve is of primary importance. 


FUNCTION OF THE INTERNAL STRUCTURE OF MUSCLE IN 
THE TRANSMISSION OF FORCE 

The muscle fiber is an elastic tissue with physical properties varying 
greatly between the relaxed and the stimulated, or contracting, state. 
\ length-tension curve may be constructed to express the behavior of the 
physical property to be emphasized here, namely, elasticity. If a resting 
muscle were stretched out and its length-tension relations plotted, a curve 
would be obtained resembling that shown by the dotted line in figure 4. 
\ maximally stimulated parallel-fibered muscle would follow the path 
shown in the same figure by the solid line. This line is straight, showing 
that stimulated muscle is perfectly elastic, while resting muscle is not. 

Fick and von Recklinghausen have determined the value of the 
maximum developed tension at one point in the curve—the “resting 


length.” Since this is the length of the muscle when just stretched out 
by a minimal weight, it is the length at which passive resistance to stretch 
just begins to become apparent and, as will be shown later, is near the 
maximum physiologic length of the muscle. They found this tension 
proportional to the cross-sectional area of the muscle (Fick, 6 to 10 Kg. 
per square centimeter; von Recklinghausen, 3.6 Kg. per square 
centimeter ). 


This value has been used to determine the maximum realizable work 
in life by multiplying this force by the range of the excursion of the 
tendon insertion (Force & distance = work). But the force varies 

Condensation of a thesis submitted to the faculty of the Graduate College of 
the State University of Iowa in partial fulfilment of the requirements for the degree 
of Master of Science in Orthopedic Surgery. 

1. Fick, cited by Steindler,5 p. 76. 


395 





396 ARCHIVES OF SURGERY 


throughout the distance—varies with the length of the muscle. In reality. 
the work will be equal to the distance multiplied by the average force. li 
the length-tension “curve” is a straight line (as it is in parallel-fibered 
muscles), then the average force will be equal to the force at midrange. 
Hence, work would equal the range multiplied by the tension at the 
midpoint of the range. 

This is true only of parallel-fibered muscles and, consequently, of 
individual muscle fibers. The length-tension curves of a parallel-fibered 
muscle and of its component muscle fibers are necessarily of the same 
shape. If the curve of the muscle is a straight line, the curve of its fiber 
will be a straight line. This is not true of those pennated muscles in 
which the fibers are not parallel to the tendon. 


-_ Origin 








<— Insertion 


Fig. 1—Diagram showing the manner in which the muscle fibers run from 
the origin to the insertion of the muscle. See text for explanation. 


The muscle fibers (a) in figure 1 may be considered as running 
directly from the origin to the insertion of the muscle. In other words, 
the central tendon, being practically inextensible, may be considered as @ 
prolongation of the insertion up into the center of the muscle. The 
central tendon makes possible a muscle with a short, powerful range, 
whose long axis is in the long axis of the limb instead of transverse. 

It is obvious that the greatest tension (and the least range) for 4 
given weight of muscle will be obtained when there is no more than one 
cell length between the origin and the insertion as represented by the 
central tendon. This is the ultimate of modification toward high power 
and low range. The longer the muscle fibers are, the more range 1 
increased at the expense of power. The central tendon, therefore, is a 
machine which yields a mechanical advantage to a muscle, just as 4 
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system of pulleys may give a man a mechanical advantage, enabling him 
to lift a greater weight, but only by diminishing the distance it traverses. 
In either case (under optimum conditions), the work put into the 
machine is equal to the work done by the machine. Each muscle has 
its own “gear ratio”—the parallel-fibered ones cover a great distance 
with little power ; the pennated ones are geared to cover variously smaller 
distances with correspondingly increased power. 

In addition to this, each non-parallel-fibered muscle’s gear ratio is 
constantly varying within the stroke cycle or contraction, the effective 
component of force (cosine beta, fig. 1) being greatest when the fiber 
is most nearly parallel to the tendon (extended), and least when it is 
most nearly perpendicular (contracted). 


Tension } 


Parallel 


— Pennated 








Lengt —- 


Fig. 2—Total length-tension line of a parallel-fibered muscle. 


This variation in gear ratio is in addition to the variation in devel- 
oped tension with variation in initial length and tends to accentuate it, 
changing the length-tension curve from a straight line to a curve. 


2, RELATION OF THE PHYSIOLOGIC RANGE TO THE 
LENGTH-TENSION CURVE 


Figure 2 shows the total length-tension line of a parallel-fibered 
muscle. 


What part of this line is utilized in the physiologic range of 
joint motion? Is this a constant part of the whole in various muscles ? 

Certainly it cannot be the whole range, for a muscle still has con- 
siderable contractile power left at the point of maximum shortening in 
lite. The quadriceps muscle, for instance, can hold the leg fully extended 
inst considerable force. It seems likely that nature would select the 
most efficient part of the total range for the physiologic range—a part 
which would put full extension in life somewhere near the end of the 


70 
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total range, where large tensions are developed (though not so far that 
passive resistance to stretch would inhibit full joint range) and yet leave 
an appreciable tension at full flexion. 

The Weber-Fick law* states that muscle fibers are shortened to 
one-half their extended length in full physiologic contraction. This 


means that, no matter what the physiologic range of the tendon may be. 


the muscle fibers are so arranged that this range represents a 50 per cent 
shortening of all fibers. Measurements made on a human cadaver tend 
to substantiate this. 
vy - wy ° _ . 
For € xample . Fiber Length at Contraction 
Muscle Full Extension, Cm. Range, Cm. 
Brachioradialis 10.7 
Extensor carpi radialis longior 6.8 
Preser hatiucie BOWE. ...n sce cacccecen 
Extensor indices proprius............... 
Triceps (medial and lateral heads) ‘ 5.8 
Brachialis 8 
Peroneus brevis 5 1.6 


Consequently, the physiologic range will have to be marked off o1 
the length-tension curve in such a way that the maximally contracted 
length in life will have to be about one-half the maximally extended 
length. A glance at the curves in figures 2, 3 and 4 will show that this 
range may be placed at any one of innumerable positions along the line 
and still satisfy these prerequisites. What part of this line constitutes 
the normal range in life, and is it the same in all muscles? 

It may safely be assumed that the maximum work done during the 
total contraction range is proportional to the weight of muscle tissue, 
since it represents the sum of the work of the constituent sarcomeres. 

Now if the physiologic range represents a constant proportion of the 
total range, the maximum work done in a physiologic contraction must 
also be proportional to the weight of muscle tissue. Conversely, if the 
work done is found to be constantly proportional to the muscle weight, 
then the physiologic range must make up a constant proportion of the 
total range. This relation is very important and will be referred to 
again later. 

2. Fick, R.: Ueber die Lange der Muskelbiindeln, Ztschr. f. orthop. Chir 
38:1, 1918. 

3. This is corroborated by the work of A. V. Hill (Muscular Movement 
in Man, New York, McGraw-Hill Book Company, 1927, p. 81; cited by Sterling. 
E. H.: Principles of Human Physiology, ed. 7, Philadelphia, Lea & Febiger, 19%. 
p. 145), who found the work done (area of length-tension curve) constantly pro- 
portional totk. But T = tension developed at resting length—a function of cross- 
sectional area, and L=resting length. Therefore, TL = volume (or weight) 
Hence the work done is proportional to the weight. 
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Tension? 


— = 





+Physolege Range — 








7 7 cm. 


S10 ngth - 


Fig. 3—Length-tension curve for a typical muscle (dog 17, left tibialis anticus). 








2 


microns —> 


Fig. 4—(Hypothetic) length-tension curve of a sarcomere. 
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The following experiments were designed to disclose whether the 
maximum work done in a physiologic contraction is proportional to the 
weight of the muscle and to ascertain the value of that proportion. 

Full grown, apparently healthy dogs were used. With the animals 
under barbiturate anesthesia the muscle was exposed, a marker suture 
inserted into the tendon and its excursion measured as the joint was 
moved through its physiologic range. The tendon was then divided; a 
tension scale was clamped to its end, and the tensions developed at 
various lengths under supramaximal stimulation by an induction coil 
were measured. In order to obtain isometric values, the muscle length 
was not allowed to vary during each reading. Readings were taken at 
both ends and at the midpoint of the physiologic range and at the maxi- 
mum total shortening. Several readings for the relaxed muscle were 
taken to show length with varying amounts of passive stretch. Wher 
plotted out in a length-tension curve a typical muscle would give a 
result similar to that seen in figure 3. 

An examination of this figure will reveal several interesting facts. 
The total range of the muscle is from 2 cm.,* at which point O tension 
can be developed, to 6.8 cm., at which point the passive resistance to 
stretch (charted by the dotted line) mounts exceedingly rapidly. Onl) 
about two thirds of this total range, however, is used in life, and it is 
the optimum two thirds—the part in which maximum tension is devel- 
oped and yet passive resistance to stretch does not materially interfere. 
Moreover, even at maximum shortening in life, the muscle still develops 
quite a respectable tension. This is in accord with previous speculations 
as to the most reasonable arrangement. 

The tension developed at maximum extension in life (5.4 Kg.) 1s 
approximately three times that developed at maximal flexion (1.8 Kg.). 
It will be noted that the “curve” is in reality a straight line. This has 
been previously remarked by other investigators.* Hence the tension 
at the midpoint of any segment will be equal to the average tension 
throughout that segment. Since work done — average force X distance, 
it will equal the force at the midpoint of the range, multiplied by the 


range. If the work in this range is proportional to weight, then _— 
should equal a constant, K, when F = tension developed at midpoint 
of physiologic range, R — physiologic range and W — muscle weight. 

That this relation is valid can be proved, as has been mentioned, 
either by showing that the physiologic range is always in the same 
segment of the total length-tension curve or by working out the values 
for K and finding them constant. Both methods of proof were used 


4. This is not the actual length of the muscle; it represents a reading on the 
marking tape on which zero was not necessarily opposite the muscles’ origi 

5. Steindler, A.: Mechanics of Normal and Pathological Locomotion in Man, 
Springfield, Ill., Charles C. Thomas, Publisher, 1935, chap. 6. 
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(ables 1 and 2 give the collected data when K was worked out for 
every muscle tested in 5 dogs. The column headings are self explanatory 
except, perhaps, “Length with Passive Stretch.” This is the length of 
the unstimulated muscle as stretched by a force which was arbitrarily 


TasLe 1.—Length-Tension Values for Dogs 13, 14, 15 and 16 








3 

Tg 

Maxi- 

mum At Cross 

Maxi- Physio- Maxi- Section 

Physio- mum logic At mum of 
logie Short- Short- Mid- Exten- Tendon 
Range ening ening point sion Passive Weight (Sq. 
(Cm.) (Cm.) (Kg.) (Kg.) (Keg.) Streteh (Gm.) c Cm.) Kryp 


Tib. ant 2.7-4. ose eee 3.4 ose oven 4.9 
Ext carp. rad 3 ' te 3.3 4.3 sion i out 4.2 
fl. carp. ul 2.3-4.5 see 2.7 3.6 dovt 4.0 
tib. ant 2-5. ms mee 3.2 as ‘ 16.7 
tib. ant.. 1-4. se pas i. ; aa 16.1 
fl. carp. ul 2.2-4. ).7 3. ean lt 11.9 
ext. carp. rad 2.2-4. ; oa 8.3 vee mae 15.1 


rm xz 


sartorius * 8.5 ase _ ‘ 3.2 12.4 seeker? “<etue 
tib. ant : 5.0-10.: 5 3. . 16.9 2 0.044 0.011 
,». ext. carp. rad... “11.5 ae ‘ ~ wees 146 >l1. 0.098 0.009 
. ext. carp. rad 9.8-11.5 8. uli hd nana 14 >1.3 0.096 0.011 


x 


sartorius. 9.0-19. — jon 9. 8.8 1.0 

sartorius. 3.0-20. 10.0 oa ones : 
tib. ant 8-7. 4.0 én 5 pea 8.6 6 3 0.083 0.009 
tib. ant “7. 3.0 — 5 ies 8 i 3 0.086 0.010 
ext. carp. rad... 6.0-7.£ 5.3 wet 3. “sd ‘ 9.6 . 0.071 0.011 


eallanll--enlt--Ei- il «oll eal hd 


* All sartorius muscles were dissected free, thus interrupting blood and nerve supply before 
testing. 


TABLE 2.—Length-Tension Values for Dog 17 








l 2 3 4 
1, T T 
Maxi- 
mum At Cross 
Maxi- Physio- Maxi- Section 

Physio- mum logic At mum of 
logie Short- Short- Mid- Exten- Tendon 
Range ening ening point sion Passive Weight (Sq. 
(Cm.) (Cm.) (Kg.) (Kg.) (Kg.) Stretch (Gm.) K Cm.) Krp 


R. tib. ant 2.8-5.8 2. wat 3.6 an 6.0 10.8 1.0 0.083 0.009 
R. plantaris. 4.7-6.5 cae 3.6 7.2 11.0 68 17.6 05 0.080 0.008 
L. tib. ant..... 3.6-6.6 2: 1.8 3.6 54 6.7 9.9 1.1 0.085 0.011 
R. ext. dig. comm. 4.0-5.3 3.5 A 3.2 45 5.7 3.4 1.2 0.029 0.011 





fixed as the force developed by the actively contracted muscle at maxi- 
mum physiologic shortening. This was used to establish an upper reading 
for the total range, the lower one being “maximum shortening.” 

It will be seen that the physiologic range occupies a fairly constant 
part of the total range (measured between the length at maximum short- 
ening [column 2] and the length with passive stretch [column 6]), 
being, on the whole, much nearer to the latter than to the former. 
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K is calculated in column 8. Column 9 represents the cross-sectional 
area of the tendon obtained by weighing a segment of the tendon and 
dividing the weight by the length. The specific gravity of tendon was 
considered to be 1. 


If the cross-sectional area of the tendon is proportional to the maxi- 
mum muscle tension (F) and is substituted for it in the formula FR =k 
Ww 


a new value, Ky, would be obtained. The constancy of this value in 
column 10 is a check on the accuracy of the muscle tension readings, 


TasLe 3.—Length-Tension Values After Lengthening or Shortening 
of the Tendon or Change in Ranae 








Ten- Ten- 
sion sion 
Maxi- at Ten- at 
mum Maxi- sion Maxi- Length Weight 
Physio- Total mum at mum at of 
logic Short- Short- Mid- Exten- Passive Opposite 
Range ening ening point sion Stretch Weight Muscle 
Dog (Cm.) (Om.) (Kg.) (Kg.) (Kg.) (Cm.) (Gm.) (Gm.) 
1 1. R. ext. carp. rad. 
(tendon length, 2 em.) 4.5-6.7 4.0 3.6 7.2 11.0 6.5 17.2 21.3 


2. R. ext. carp, uln. 
(implanted into ulna 
under tension)......... 3.7-3, 3.6 pat 3 oece . 5.3 7.9 


3. R. tib. anticeus (ten- 
don shortened 1 em.) 5.2-7. 3.3 A 3.8 9. 20.8 


4. R. flex. carp. uln. 
(ulnar head; tendon 
length, 1.5 em.)......... 2.9-4.3 —— iad vit Sine 6 2.35 0.012 


L. flex. carp. uln .7-3.3 ea ‘a <i caus 3.6 ’ ...- KT=0.012 


5. Rt. ext. carp. rad. 
(tendon shortened 1 
GUD. cdnacéansnnssetcene 0.8-2.5 


6. L. ext. carp. rad. 
(implanted into radius 

under tension) 

7. L. ext. carp. 

(tendon lengthened 2 

GR Dicosctdudartaceavece 0.5-1.3 








In calculating the average K, data on three muscles were omitted— 
the extensor carpi radialis of dog 13, as its range is obviously wrong 
(compare flexor) and both extensors carpi radialis of dog 15, which 
could not be read, as the scale was not graduated beyond 11 Kg. 25 
pounds). All remaining values for K were included. 

The average K (obtained from seventeen muscles) was 1.2. The 
average value for Ky (ten muscles) was 0.01. 

Hence, all muscles assign the same portion of their total length-tension 
curves to the physiologic range. Moreover, at full physiologic extension 
the tension developed is three times as great as the tension at maximum 
physiologic shortening. 

Where this is not the ideal arrangement (as in the human knee 
extensors, which are mostly used in a position near the lower end of 
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their length-tension curve), an apparatus (the patella) to vary the 
mechanical advantage may be interposed between the tendon and the 
insertion. If the mechanical advantage is known (cadaver measure- 


Taste 4.—Length-Tension Values for the Human Quadriceps Ligament 








A B Cc dD E 


Distance Distance Tension Tension Devel 
Moved by Moved by Mechanical Measured oped in Quadri- 
quadriceps, Foot, Advantage at Foot, ceps Ligament, 
Degrees Cm. Cm. A/B* Pounds Pounds 


0.15 57 363 
0.11 62 44 
0.085 64 747 
0.085 57 667 
0.071 53 756 
0.071 55 734 
0.071 52 728 
0.071 38 756 
0.042 49 1,144 


180-170 
170-160 
150-140 
140-130 
110-100 
100- § 


m3 +2 m7 ag =} #9 +9 +9 





*The distance moved by quadriceps (column A) divided by distance moved by foot 
column B) equals the mechanical advantage. 
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Fig. 5.—Length-tension curve for a human muscle (A. M. A., right quadriceps). 


ments, columns A and B, table 4), the actual tension in the quadri- 
ceps ligament can be calculated. The length-tension curve thus obtained 


(chart 5) closely resembles that obtained with the dog preparation. 
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It may, therefore, be assumed that the maximum work done in the 
physiologic range makes up a constant portion of the maximum work 


in the total range and that this work is proportional to the weight of 
the muscle, that average force (in mene) eee (in centimeters) oa 12 
The value of this equation in the determination of muscle work 
and tension is immediately apparent. This equation may be used to 
determine the tension at resting length (the “absolute muscle power”) 
of an imaginary sartorius muscle which at maximum physiologic exten- 
sion is 20 cm. long and has a cross-sectional area of 1 sq. cm. By 
referring to the graphs, it will be seen that it is safe to assume that 20 cm. 
is not far from the resting length, since passive resistance to stretch begins 
at or near maximum physiologic extension. By the Weber-Fick law the 
ur = 1.2, one finds 
that F — 2.4 Kg. This is force at the midpoint of range. Force at 
full extension is always 50 per cent more. Hence, the force at 20 
cm. = 3.6 Kg. for a muscle of 1 cm. cross-section. This is exactly the 
absolute muscle power found experimentally by Recklinghausen. Thus, 





range will be 10 cm. Substituting in the formula: 


if one knows only the weight of the muscle, the maximum work done ina 
physiologic contraction can be calculated. If the range is known in 
addition, the force at any point in the range can be found. 


3. EFFECT OF TENDON LENGTHENING, SHORTENING AND TRANS: 
PLANTATION ON THE RELATION OF THE LENGTH-TENSION 
CURVE AND THE PHYSIOLOGIC RANGE. 

The physiologic range always embraces the same part of the total 
curve of a normal muscle. The question may arise as to the effect on 
the length-tension curve of a change in the physiologic range produced 
by lengthening or shortening a tendon or by transplanting the tendon 
to a new insertion where the range is different. 


Lengthening of a tendon obviously entails a corresponding shortening 


of the muscle, though the range of excursion remains unchanged. If a 
tendon were lengthened by an amount equivalent to its physiologic range, 
its new range would be transposed to a position where the length of 
the muscle at maximal extension is equivalent to what previously was 
its length at maximal physiologic shortening. As represented in figure 4 
the new range would be from 0 to 1.25, and the muscle at first would 
be able to exert no power save at the terminal half of its range, and then 
only to a small extent. 

Sut in life, though this may be true at first, the muscle adapts itself 
in time to its new range, so that it can exert a fairly large amount of 
force throughout the whole range. Certainly, this could not have been 
done by an alteration in the physiology of the sarcomere, permitting it 
to shorten to more than its previous limit—the physiologic shortening 
of 1.25 microns brought the sarcomere to one-half its original length 
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(Weber-Fick law; fig. 4). A further shortening of the same amount 
would bring it to a length of 0. This is obviously impossible. Moreover, 
microscopic examination of muscles in which this procedure was carried 
out (muscle 1, table 3) failed to reveal any detectable difference in the 
length of the sarcomere as compared with the normal muscle on the 
opposite side. 

The only other possibility is that the muscle fibers have become 
rearranged inside the muscle, so that this new range of the tendon repre- 
sents a range which can be included somewhere within the fiber’s poten- 
tialities. That the muscle fibers do actually rearrange themselves when 
the range is changed has been noted by various investigators. Roux ® 
noted that in the case of a pronator quadratus muscle whose range was 
contracted by limitation of pronation and supination the fibers had 
assumed a pennated arrangement. As was shown in section 1 of this 
paper, this is a modification permitting greater force and shorter range. 
\n infinite number of such modifications are possible. Does the muscle 
undergo just such a rearrangement as will make the new range take up 
just the same segment of the total length-tension curve as the old one 
did? Does this new arrangement once more establish the same relation 
between the new physiologic range and total range that has been investi- 
gated in section 1? 

To answer these questions, the following experiments were designed : 
[hree adult dogs were used, and various tendons were lengthened or 
shortened or had their range changed by aseptic operative procedures. 
The limb was immobilized in plaster for two weeks (in 1 case for one 
week), after which the plaster was removed and the animal left to his 
own devices. All wounds healed by primary union. 

After three and a half to four months the animals were reoperated 
on, and all tendons were found well healed and firmly fixed to their new 
insertions where transplant had been done. The length-tension curves 
f these muscles were determined by the procedure used on normal 
muscles in section 1. The results are summarized in table 3. 

Three tendons were lengthened and two shortened, and in two 
muscles the range was changed. The results may well be analyzed 
individually. 


In dog 1 the right extensor carpi radialis tendon was lengthened 
2 cm., which shortened the muscle by almost the amount of its physio- 
logic range. The results, given in table 3, are plotted graphically in 
hg. © and demonstrate that the muscle has so rearranged its internal 
‘tructure that the physiologic range makes up the same proportion of the 
total range as it does in normal muscle (compare figs. 3 and 6). More- 


6. Roux, cited by Marey, E. J.: Des lois de la morphogénie chez les animaux, 


\rch. de physiol. norm. et path. 1:88, 1889. 
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over, the constant K approaches‘ the value for K of normal muscle 
Clearly the new range represents the same part of each sarcomere’s 
length-tension curve that the old range previously represented. It js 
noted that the muscle was shortened 2 cm. This is reflected in a 
diminution of 4.1 Gm. in weight as compared with the corresponding 
muscle on the opposite side. 

The tendon of muscle 2 was implanted into the ulna through a drill 
hole. Its range previously had been (from the muscle on the opposite 
side) 1.4 cm., and the muscle thus was reduced to one seventh of its 
original range. Though maximum total shortening is in correct relation 
to the physiologic range, passive stretch is a bit high, and K is low. 
Apparently adaptation has not become quite complete, owing to the 
shortness of elapsed time and/or the great change in range. 

The right tibialis anticus (muscle 3) showed a result similar to that 
observed with muscle 1, with excellent adaptation to the new range. 

In muscle 4 only slight contraction could be obtained, nor could any 
be obtained on the opposite side. However, the length with passive 
stretch (8 pounds; 3.6 Kg.) was in proper relation to the new range. 
Since K could not be obtained, the cross-sectional area of a normal 
segment of its tendon was found and Ky was calculated. It was found 
to be 0.012. The opposite muscle is included for comparison. 

Muscle 6 showed good adaptation to its new range. The range 
previously was 1.2 cm. longer. Muscles 5 and 7 showed good adapta- 
tion. K was 1.1 and 1.2 respectively. 

These results would seem to indicate that muscle fibers are so 
arranged that the physiologic range always represents a certain portion 
of the total length-tension range, and if this relation is disturbed the 
muscle will rearrange its internal structure to restore it (and enable 
ro to regain its original value when F is the average force through the 
new range R). This law of adaptation of structure to function repre- 
sents for muscle what Wolff’s law represents for bone. In both cases 
the internal structure will rearrange itself to fit perfectly an altered 
function. 

It will be seen that the weight of a muscle is peculiarly important 
in that this and this alone determines the amount of work which can be 
done in a physiologic contraction. When a muscle is shortened by 
lengthening of its tendon it is seen to lose weight (cf. muscles 1, 4 and 
7, table 3). One would expect the converse of this to be true—that 
muscles which have been lengthened by tendon shortening should appre- 
ciate in weight. Table 3 shows that this was not so in muscles 3 and 5. 


7. K is low, at 0.92. However, the average K of three intact muscles on this 
dog was 0.90. This may be due to the fact that the animal was very old and 
adaptation slower. 
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Explanation of this discrepancy seemed difficult until Dr. G. Miyakawa * 
jurnished the information, based on experimental work on dog tendons, 
that tendon shortenings in dogs are uniformly unsuccessful in that the 
ends become separated and are bridged by fibrous tissue. Hence these 
muscle bellies were really shortened, and the results at once became 
consistent with what was to be expected. 

However, muscles 2 and 6 were implanted into bone under tension, 
so that no possibility of separation existed. When this muscle lengthen- 
ing was accompanied by a great contraction of range (muscle 2) weight 
diminished, owing perhaps to the difficulty in adaptation to so short a 
range in the time allotted. On the other hand, when lengthening was 
not accompanied by a marked change in range (muscle 6) there was a 
gain in muscle weight over the unlengthened side. 


4. IMPLICATIONS 
This concept of structural adaptation to function, which may be 
expressed mathematically as a tendency toward equilibrium at a point 


k . . . - . 
where < = 1.2, may aid in the better understanding of certain aspects 


of muscle physiology and pathophysiology which are frequently met with 
in orthopedic surgical practice. 

Tendon Lengthening.—As may be seen from table 3, the muscle 
whose tendon has been lengthened adapts itself to its new range, and 
after some time has elapsed the length-tension curve in the new position 
is identical with that of a normal muscle (fig. 6). However, the 
weight of muscle tissue is diminished. Since the range remains 
unchanged and since the value of the fraction FR must remain constant, 
the average force will therefore be diminished in proportion to weight. 
It is not known whether this diminution in weight, due to shortening 
of the muscle, is permanent, or whether the muscle belly can elongate 
again over a period of time by downward growth of fibers on the tendon. 
This seems doubtful and has not been noticed in repeatedly lengthened 
human achilles tendons.* Consequently, tendon lengthening results in 
a muscle which, though active throughout its new range, is weakened, 
probably permanently. 

Tendon Transplantation.—The transplanted tendon will perfectly 
adapt itself to its new range, even though it be smaller than the old 
one.’ It will be seen (table 3) that if the discrepancy in range is not 

8. Miyakawa, G.: Types of Tendon Suture, Master’s Thesis, University of 
lowa Graduate School, 1939. 

9. Steindler, A.: Personal communication to the author. 

10. No data are available on the adaptation of parallel-fibered muscles to an 
increase in range. The muscle fibers would have to grow in length. Subjects in 
whom the finger flexors have had their range increased, as in Steindler’s flexor 
plastic operation at the elbow, do not accommodate perfectly to their new range, 
according to a personal communication from Dr. Steindler. 





408 ARCHIVES OF SURGERY 


completely out of proportion to the size of the old range, lengthening 
the muscle by implantation under tension will result in increased muscle 
weight and therefore in increased muscle power. Hence transplanted 
muscle should be implanted under moderate tension, provided that it is 
not great enough for passive overstretching of the muscle beyond physi- 
ologic bounds. 

Contractures.—The contracture of normally innervated flexor muscles 
(for example) opposed by paralyzed extensors may be regarded as 
adaptation to change in range. The range is diminished by inability 
of the extensors to move the joint through a full range of motion. The 
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Fig. 6.—Results three and one-half months after lengthening the right extensor 
carpi radialis tendon in dog 1. See text for explanation. 


muscle adapts itself to this new smaller range, and then the process 1s 
repeated. As range diminishes (assuming weight to be constant), the 
average force which can be exerted through that range increases (and 
passive resistance to stretch also does, maintaining its relative size and 
position in the length-tension curve). This explains the tremendous 
resistance to elongation offered by contractured muscles. 

If the opponent is not completely paralyzed it seems possible that 
repeated tendon lengthenings performed on the contracted muscle ma) 
diminish its weight to the point where its developed tension no longer 
exceeds that of its antagonist and equilibrium is attained. Indeed, if the 
discrepancy in strength is slight, especially if the muscles are under 


inne 
sing 
bala 
ele mi: 


forn 
by t 
ical 

Its | 
doul 
shot 
rang 
one: 


tion 





ening 
luscle 
anted 
t it is 
yhysi- 


uscles 
ed as 
bility 

The 


tenso! 


PSs IS 
}, the 
(and 
» and 


idous 


that 
may 
mnger 
if the 
inder 


ARKIN—ABSOLUTE MUSCLE POWER 409 


innervational overload (as is frequently the case in spastic persons), a 
single tendon lengthening may weaken a muscle enough to swing the 
balance in the other direction and cause a contracture of the previously 
elongated side. 

Methods of Increasing Muscle Power—A consideration of the 
formula will show the futility of attempting to increase muscle power 
by transplanting its tendon to a new site designed to increase its mechan- 
ical advantage. Transplant of the biceps insertion, for instance, to twice 
its original distance from the center of motion at the elbow joint will 
double its range and mechanical advantage (disregarding motion at the 
shoulder). But, unfortunately, as it adapts "' itself to this new doubled 
range, the average tension it can exhibit will necessarily diminish to 
one-half the original average tension, since the work done in a contrac- 
tion must remain proportional to the weight (which presumably does 
not change). Hence in a short time conditions are right back where 
they started from. The only way to increase the amount of work done 
in a contraction is to increase the weight of the muscle. An instance 
of the truth of this concept is seen in the example afforded by congenital 
coxa vara, with which the mechanical advantage may actually be 
increased owing to the greater perpendicular distance between the line 
of action of the abductors and the center of motion at the hip. Yet 
abduction is weak, owing to shortening (and consequent decrease in 
weight) of the muscles. 

One sees that the only way to increase muscle force is to increase the 
weight or decrease the range. Attempts to increase the weight (and 
therefore the average force) of a muscle by lengthening it by shortening 
its tendon have not been conclusive in experiments on dogs, owing to 
technical difficulties. Further investigations are needed to show whether 
this is practicable, especially in the partially paralyzed muscle, where a 
limited nerve supply may entail an absolutely limited weight of muscle 
uussue, 


However, an example in which the other type of approach (decreas- 
ing the range) was successful is seen in muscle 6, table 3. This muscle’s 
range was shortened, but in return it gained 1.3 Kg. in maximum tension 
developed over its unchanged mate on the opposite side (tension on the 
right, not shown in the diagram, 6.8 Kg.). 


ll. Assuming that the biceps could grow in length sufficiently so that its fibers 
ould attain a length double the range. It is not known whether this occurs. It is 
yr fair to state that if no adaptation to a longer range is possible the work 
oa ina contraction theoretically may increase, despite the fact that there is no 
‘ange in weight, owing to the expansion of the range to include the hitherto 
unused part of the length-tension curve (below ordinate 0.6 in chart 4). 
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Moreover, the average tension of muscle 2 (7.3 Kg.) was more than 
twice the average tension of the normal muscle on the opposite side 
(3.6 Kg.) despite a decrease in weight. 

It would seem that a more practicable method of increasing the 
strength of a partially paralyzed muscle would be to sacrifice range 
for power, for example, by a bone block designed to limit motion at a 
joint to a range no more than absolutely necessary. After the muscle 
had become contractured (since that is what it amounts to) to its new 
range, its force would be increased to the same degree that its range had 
been decreased. 

It is realized that these last few paragraphs are necessarily somewhat 
speculative, but the conclusions follow logically from the experimental 
results, and they open a new and important field for investigation. It is 
hoped that further clarification will soon be forthcoming. 


SUMMARY AND CONCLUSIONS 

The Weber-Fick law is reaffirmed. The physiologic contraction 
represents a shortening of the fiber length by one half. 

The physiologic range bears a constant relation to the total length- 
tension curve. 

The maximum tension developed at maximum physiologic length is 
three times that developed at maximum physiologic shortening. 

The work done in the physiologic range is proportional to the weight 
of muscle tissue. 


The value of this proportion as obtained in the experimental prepara- 
tion may be expressed as follows: 


F (average force in kilograms) «K R (range in centimeters) wis 
W (weight in grams) ee 


Muscle structure tends to adapt itself to any change in function (at 
least so far as shortening of the muscle belly or contraction of range is 
concerned), so that the foregoing five postulates are always satisfied. 

The practical implications of these conclusions are suggested. 

The value for “absolute muscle power” obtained by von Reckling- 
hausen (3.6 Kg. per square centimeter) is corroborated. 





Drs. Joel Hartley and Irving Redler aided in the experimental work. Dr 
Knowlton, of the department of physiology, and Mr. Shelley, of the department 
of physics, gave advice and criticism. 

This investigation was suggested by the teaching of Dr. Arthur Steindler. 
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CRANIAL CHORDOMAS 


A CLINICAL AND PATHOLOGIC STUDY 


W. JAMES GARDNER, M.D. 
CLEVELAND 
AND 


OSCAR TURNER, M.D. 


NEW HAVEN, CONN, 


The term chordoma refers to a neoplasm arising from embryonic 
rests of the chorda dorsalis or notochord, which in its development 
more or less reproduces the structure of the primitive notochord. 
Chordomas arise in the craniospinal axis in certain definite locations, 
the selection of which can be explained on an embryologic basis. While 
they rarely metastasize, the clinical course is characterized by slow 
expansile enlargement with destruction of adjacent bone and compression 


of neural structures and by recurrences after operation. 


EMBRYOLOGY 

lhe embryology of the chorda dorsalis has been reviewed by others ' 
and will be given briefly here. The notochord forms the primitive 
axial skeleton of all vertebrates, and in certain lower forms, such as 
the Amphioxus, it forms the sole axial skeleton. The structure is formed 
primarily by the proliferation of cells from the anterior end of the 
primitive streak. While some writers consider the chorda to be of 
entodermal origin, it comes to lie between the ectoderm and the meso 
derm and may be looked on as a mesodermal derivative. 

A narrow cord of cells, known as the head process, differentiates 
early and wedges itself between the entodermal cells, forming a portion 
of the wall of the entodermal cavity. In the process of development, 
the notochord extends as far forward as the pharyngeal membrane but 
the final anterior extremity is marked by the sella turcica of the 


sphenoid bone. As the notochord pierces the occipital portion of the 


” 


skull it makes an S-shaped curve. Hass ? has pointed out that the struc- 


ture, lying in the midsagittal plane, comes to lie near the dorsal surface 


1. Williams, L. W.: Later Develpment of the Notochord in Mammals, Am. J. 
Anat. 8:251, 1908, 

2. Hass, G. M.: Chordomas of Cranium and Cervical Portion of the Spine : 
Revie w of the Literature with Report of Case, Arch. Neurol. & Psychiat. 32: 300- 


64 (Aug.) 1934. 
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of the cartilage at three points: (1) in the hypophysial fossa; (2) 
short distance caudal to the fossa, and (3) anterior to the foramen 
magnum (fig. 1). 

In the process of development, the anterior end of the chorda js 
projected forward to lie between the perichondrium and the cartilage 
of the dorsum sellae. The middle portion comes to lie between the 
cartilaginous occipital plate and the dorsal wall of the pharynx. It is 
this middle portion which presents many irregularities and is frequently 
embedded in the retropharyngeal tissue (fig. 2). The position of the 
notochord on the dorsal wall of the pharynx has led to the suggestion 
that some of the tumors which form here are due to proliferation of 
remnants of the pharyngeal portion. 


As the chorda separates from its attachments in the distal portions, 
it becomes surrounded by a secondary mesodermal layer which eventuall) 


becomes the adult vertebrae. In the process of condensation, that por- 
tion in the vertebral bodies becomes partially forced into the inter- 
vertebral disks, where it takes part in the formation of the nucleus 
pulposus. Thus, while the notochord itself disappears, remnants of it 
may persist in the intervertebral disks. 

The apical odontoid ligament, which also is formed by mesodermal 
elements, is traversed by the chorda, and remnants may also persist 
here. Posteriorly, it can be traced through the anterior arch of the atlas 


LITERATURE 
There have been few attempts to classify the chordomas other tha 
topographically, although it is evident that certain of the tumors appear 
clinically and histologically more malignant than others. Coenen’s 
classification has been most satisfactory and is given here, slightl) 
modified : 
I. Cranial 
A. Ecchordosis physalifera (clivus) 
B. Chordomas 
. Sphenoid 
. Spheno-occipital (clivus) 
. Nasopharyngeal 
. Dental (including maxillary and mandibular) 
II. Vertebral 
A. Cervical (including those arising from the odontoid process of the 
second cervical vertebra) 
B. Thoracic 
C. Lumbar 
III. Sacrococcygeal (caudal) 
A. Antesacral 
B. Central 
C. Retrosacral 


3. Coenen, H.: Das Chordom, Beitr. z. klin. Chir. 183:1-77, 1925. 
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rtions, Fig. 1—Drawing to indicate the course of the chorda dorsalis through the 
itually dontoid process and foramen magnum, its passage through the clivus and the 
relation of the chorda to the pharyngeal wall and occipital bone. (Redrawn from 
Fischel, A.: Lehrbuch der Entwicklung des Menschen, Berlin, Julius Springer, 


1929.) 
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Fig. 2—Detailed drawing to indicate the upper course of the chorda dorsalis 
Note the devious passage through the occipital bone, the relation of the chorda 
to the pharyngeal bursa. (Redrawn from Linck, A., and Warstat: Beitr. z. klin. 

127:612-626, 1922.) 
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In 1856 Virchow noted a small, slimy excrescence on the cliyys 
In 1857 he gave it the name of ecchondrosis physaliphora spheno- 
occipitalis.* Muller,’ in 1858, was the first to point out that the struc- 
ture was the cephalic remnant of the notochord, a fact which was 
substantiated in 1895 by the experimental work of Ribbert.* This 
structure is said to be noted at from 1.5 to 2 per cent of autopsies.’ 

The so-called “benign chordomas,” described as originating from 
the clivus, do not belong to the neoplastic group and actually represent 
chordal ectopia. These are small, mushroom-like tumors varying from 
1 mm. to 3 cm. in size. They are well circumscribed, soft, semitrans- 
lucent and generally milky white. They are attached to the midline by 
a small stalk which perforates the dura and are usually observed inci- 
dentally at autopsy. An excellent example has been described by 
Van Wagenen.* 

The invasive and malignant growths are often large, compressing 
the adjacent neural tissue, enveloping nerves and invading and destroy- 
ing the contiguous bony structures. The tissue is poorly vascularized, 
but the tumor is apt to have a reddish brown color due to interstitial 
hemorrhage. The well circumscribed appearance of the growth belies 
the microscopic appearance and clinical behavior. 

The most common intracranial location is at the spheno-occipital 
synchondrosis. Originating from the clivus, these tumors are essen- 
tially in the midline at first but extend widely in all directions. They 
may be associated with a variable degree of destruction of the basilar 
process of the occipital bone. On the roentgenogram this may be 
revealed as a V-shaped notch in the basilar plate, or it may be repre- 
sented by evidence of destruction of bone. Anterior extension may 
be sufficient to involve the parasellar structures. Occasional cases have 
been reported in which there was extension into the anterior fossa. 
Ventrally, the growth of the tumor may be sufficient to involve the 
nasopharynx, maxillary sinus and posterior choanae. The primar) 
involvement is of the pons and medulla, where the characteristic cranial 
nerve palsies may give rise to severe clinical symptoms. 

4. Virchow, R.: Untersuchungen iiber die Entwickelung des Schadelgrundes 
im gesunden und krankhaften Zustande und iiber den Einfluss derselben au! 
Schadelform, Gesichtbildung und Gehirnbau, Berlin, Georg Reimer, 1857, p. 51. 

5. Miiller, H.: Ueber das Vorkommen von Resten der Chorda dorsalis be! 
Menschen nach der Geburt und iiber die Verhaltnisse zu den Gallertgeschwulste! 
an Clivus, Ztschr. f. rat. Med. 2:202-229, 1858. 

6. Ribbert, H.: Ueber die experimentelle Erzeugung einer Ecchordrosis 
physalifora, Verhandl. d. Kong. f. inn. Med. 13:455-464, 1895. 

7. Stewart, M. J., and Morin, J. E.: Chordoma: A Review with Report o! 
a New Sacrococcygeal Case, J. Path. & Bact. 29:41-60 (Jan.) 1926. Ribbert.' 

8. Van Wagenen, W. P.: Chordoblastoma of the Basilar Plate of the Skull 
and Ecchordosis Physaliphora Spheno-Occipitalis: Suggestions for Diagnosis an¢ 
Surgical Treatment, Arch. Neurol. & Psychiat. 34:548-563 (Sept.) 1935. 
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(Jccasional cases have been recorded in which the growth arose from 
the body of the sphenoid. Such an unusual instance was described by 
\dson, Kernohan and Woltman,’ in which the tumor arose from the 
body of the sphenoid bone, compressed the left optic nerve and extended 
into the middle cranial fossa. Tumors arising from the anterior exten- 
sion of the chorda encroach on the sella and suprasellar structures and 
simulate the usual tumors arising in this region.'® 

With the exception of those tumors originating in the sacrococcygeal 
region, the vertebral chordomas are uncommon. In the sacrococcygeal 
region these tumors may cause widespread destruction of the bony 
tissues, though in some cases roentgen examination may show no 
abnormality. Fletcher, Woltman and Adson*! have emphasized the 
importance of exploring the sacral hollow on digital rectal examination. 
In 9 of their 10 cases of sacrococcygeal chordoma the tumors were 
disclosed in this manner. 

Of the remaining vertebral axis, the cervical region is most com- 
monly involved. Here the tumors may appear in any region from the 
atlas to the sixth cervical vertebra. Those high in the cervical region 
may involve the retropharyngeal space by anterior extension, and in 
some instances the tumor has been palpable in the posterior triangle 
of the neck. Origin from the odontoid ligament is difficult to prove, 
hecause of involvement of the adjacent structures, but it probably occurs. 

Origin of the growth in the thoracic and lumbar regions is most 
rare. Hutton and Young ** have reported a case in which there were 
erosion of the fourth, fifth and sixth thoracic vertebrae and compression 
of the spinal cord. Zollinger '** reported a case in which operation was 
done by Cutler and in which the tumor extended from the first lumbar 
vertebra to the sacral region, apparently arising from the body of the 
vertebrae. 

REPORT OF CASES 

Case 1—The patient was a 35 year old woman who was admitted to the 
Cleveland Clinic Hospital with the chief complaint of pain in the head, present 
ior about two years. It had been generalized but was most marked over the 

9. Adson, A. W.; Kernohan, J. W., and Woltman, H. W.: Cranial and 
Cervical Chordomas: Clinical and Histologic Study, Arch. Neurol. & Psychiat. 
33:247-261 (Feb.) 1935. 

10. Bailey, P., and Bagdasar, D.: Intracranial Chordoblastoma, Am. J. Path. 
5:439-450 (Sept.) 1929, 

ll. Fletcher, E. M.; Woltman, H. W., and Adson, A. W.: Sacrococcygeal 
Chordomas: Clinical and Pathologic Study, Arch. Neurol. & Psychiat. 33:283-299 
(Feb.) 1935, 

12. Hutton, A. J., and Young, A.: Chordoma: Report of Two Cases; a 
Malignant Sacrococcygeal Chordoma and Chordoma of the Dorsal Spine, Surg., 
“Gynec. & Obst. 48:333-344 (March) 1929. 

13. Zollinger, R.: Chordoma of the Third Lumbar Vertebra: Report of Case, 
\m. J. Surg. 19:137-139 (Jan.) 1933. 





416 ARCHIVES OF SURGERY 


vertex, with some radiation to the occiput and the temporal regions. The pain 
was “pressure-like,” was usually dull but at times severe and was occasionally 
associated with nausea and vomiting. Some time after the onset of the pain 
there had been noted decreased visual acuity in the left eye. 

Eight months before admission the patient noticed inability to rotate the left 
eye outward. Three months later she awoke one morning to find that she was 
unable to open the left eye. When the lids were separated with the fingers, a 
complete paralysis of all movements of the globe was present. She had some 
associated blurring in the right eye and complained of numbness over the left 
side of the face. There had been progressive increase in the severity of the head- 
aches and more frequent episodes of nausea and vomiting. Memory had failed 
slightly, but there had been no symptoms referable to the ear and no difficulty in 
speaking. 


Fig. 3 (case 1).—Roentgenogram to illustrate the calcification within the tumor 
extension in the left temporal region. 


Examination revealed complete ptosis of the left eyelid and complete external 
ophthalmoplegia. The left pupil measured 3 mm. in diameter as compared t 
4 mm. for the right, and did not react to light or in accommodation. There was 
mild edema of the optic disks, with slight pallor on the nasal side of the disk 
Vision was 6/12 on the right, but on the left the patient was barely able to count 
fingers at a distance of 6 inches (15 cm.). Vision in the left eye was limited to 
the nasal field, and that in the right eye was concentrically contracted, slightly 
more on the temporal than on the nasal side. 

The reflexes were active and equal, and pathologic reflexes were absent, as 
were cerebellar signs. Roentgen examination disclosed some erosion of the pos- 
terior clinoid processes and calcific deposits outlining a large tumor in the left 
temporal region. The growth had apparently caused some erosion of the left 
sphenoid ridge (fig. 3). 
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The clinical diagnosis was tumor in the left temporal region, possibly meningioma 
of the sphenoid ridge. 

Operation—At operation the gyri of the temporal lobe were found to be dis- 
torted and the sylvian fissure dislocated upward. A firm growth could be palpated 
‘ust beneath the cortex. After incision of the cortex a smooth encapsulated tumor 
was found 1 cm. from the surface of the brain. Incision into the capsule of the 
tumor was followed by the extrusion of considerable gelatinous material. After 
removal of the contents of the tumor with the curet and suction, the shell of the 
growth was freed from the temporal lobe and the growth found to be completely 
extradural. It had filled the entire middle fossa, and an extension about 2 cm. in 
width crossed the tip of the petrous bone to a point of attachment on the posterior 
surface of the basilar bone. This portion was firmly adherent and could not be 
removed. After removal of the wall of the tumor, the fifth nerve and the gasserian 
ganglion were exposed and were found to have been dislocated laterally. 

Convalescence from this procedure was quite satisfactory, and the patient was 
discharged on the fourteenth postoperative day. When seen again, five weeks 
after operation, she felt quite well but still had complete paralysis of the third, 
fourth and sixth cranial nerves on the left. Thirteen months after operation she 
reported that she was feeling fine and that she could now open the left eye but 
could not rotate it outward. 

Pathologic Picture —The tumor was a chordoma in which extensive degenera- 
tion, hyalinization and calcification had taken place to alter the general appearance 
so typical of this type of growth. 

The largest portion of the tumor consisted of deeply basophilic matrix in 
which were scattered elongated polygonal cells which contained pyknotic nuclei 
and a moderate amount of finely granular, eosinophilic cytoplasm with indistinct 
boundaries. The great majority of the cells appeared to be in various stages of 
degeneration, although scattered nests of typical “foam” cells could be observed. 
These contained many vacuoles, which caused an eccentric position of the nuclei. In 
other places vacuolation of the cells was sufficient so that nuclei were not apparent. 

Elsewhere, the tumor tissue appeared to have been the site of extensive 
hyalinization and replacement with fibrous tissue. Again, scattered nests of 
degenerated and ill defined physaliferous cells could be observed. 

There were areas of marked calcification, occurring in some places as solid 
masses and elsewhere as scattered foci. Throughout the tumor, tissue could be 
observed which represented portions of the fibrous trabeculae which traversed 
the growth to form irregular lobules. The tissue was poorly vascularized, with 
small, thin-walled vessels confined to the stroma. 


Comment.—In this instance, although the tumor had apparently 
originated from the posterior surface of the basilar bone, the greatest 
portion had extended anteriorly and laterally to involve the structures 
of the middle fossa. Calcification within a chordoma is unusual, par- 


ticularly when it is of sufficient amount to outline the growth roent- 
genographically. 


The cranial nerve palsies, so characteristic of the intracranial chor- 
domas, are easily explainable by the location of the larger portion of 
the tumor. Hass? has pointed out that paresis of the abducens nerve 
often precedes paralysis of the other ocular nerves. 
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Case 2.—The patient was a 38 year old woman who at the time of he; 
admission to the Cleveland Clinic Hospital was confused, disoriented and dysarthri: 
The history, obtained from relatives, was that for many years and perhaps jo 
all her life the patient had had an internal strabismus. Six months prior 1 
admission she began to complain of pain in the left leg and arm, and six weeks 
before admission she gradually began to lose strength in the left leg and to a 
lesser extent in the left arm. About three weeks later she suddenly noticed 
deafness in the left ear and paralysis of the left side of the face, associated with 
numbness. At this time her speech became unintelligible and she had difficult, 
in swallowing, choking with either solid or liquid food. She was emaciated and 
had lost 35 pounds (16 Kg.) during the six months preceding hospitalization. 

Examination disclosed marked impairment of sensation in the left side of the 
face, with some ulceration of the left cornea. There was complete paralysis of the 
left sixth, seventh and eighth nerves. The optic disks were normal in appearance. 
The ninth and tenth nerves could not be tested satisfactorily, but there appeared 
to be some paralysis of the left vocal cord. The sternocleidomastoid muscle on 
the left seemed to be weak. The tongue was atrophied on the left and deviated 
to that side on protrusion. 

Caloric stimulation of the left ear gave no response; the response from the 
right was active. There was pronounced weakness of the left arm and leg, with 
a positive Babinski sign on the left. The tendon reflexes were normal; the 
abdominal reflexes were absent. 


The spinal fluid pressure was 140 mm. of water. The fluid contained no cells; 
the Pandy reaction was negative, as were the Wassermann reaction and the colloidal 
gold curve. The total protein content of the spinal fluid was 40 mg. per hundred 
cubic centimeters. Roentgen examination of the skull disclosed no abnormality 


There was no evidence of tumor in the nasopharynx on visual and digital exami- 
nation. 

The clinical diagnosis was tumor in the left cerebellopontile angle. 

Operation.—A left cerebellar craniotomy disclosed the seventh, eighth, ninth, 
tenth and eleventh nerves to be tightly stretched over the lateral surface of a 
smooth, round bluish encapsulated tumor which lay beneath the pons. No fiuid 
was obtained on aspiration of the growth. An incision was made into the capsule 
at a point between the nerves which led through the jugular foramen and those 
which led through the acoustic foramen. The contents consisted of a semisolid, 
hyaloid and rather translucent material, which was easily removable. A large 
quantity was removed with the curet and aspirator until there was little left of 
the tumor but a very thin capsule. This separated readily from the cranial nerves 
and the anterior surface of the pons but was firmly attached to the basilar bone 
The free portion of the capsule was removed, and the portion adherent to the 
basilar bone was treated with the electrocautery. 

There was rapid improvement in the patient’s condition after operation. The 
speech became quite distinct, and the mental confusion disappeared. The patient 
was discharged on the fourteenth postoperative day. When she was seen again, 
four months later, the hemiparesis had disappeared and the cranial nerve palsies 
had recovered, with the exception of that referable to the sixth nerve There 
appeared to be some weakness of the left side of the soft palate, and although the 
tongue protruded in the midline the left side of it was still atrophied. 

Pathologic Picture—The tumor was enclosed in a thin, relatively avascular 
capsule of fibrous tissue which was continuous with the septal strands which 
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jivided the tumor into irregular lobules. The tumor tissue was formed by cords, 
masses and strands of epithelioid cells embedded in an avascular, abundant matrix 
(fig. 4. 1) 

The individual cells were irregularly polygonal and for the most part had 
well defined boundaries, although in scattered areas the cytoplasmic outlines were 
not distinct. The cytoplasm took the eosin stain well and was highly vacuolated. 

) most instances there were many vacuoles in each cell, giving a fibrous, stringy 
or “foamy” appearance. An occasional cell was seen in which a few or no vacuoles 
were present, and in these the cytoplasm appeared finely granular (fig. 4 B). 

The nuclei were relatively small, compact and chromophilic. They were slightly 

elongated and generally situated eccentrically within the cell. In some cells the 








Fig. 4 (case 2).—A, photomicrograph of the tumor. Note the vacuolated cells 
within the homogeneous matrix, the interlobular connective tissue and the thin- 
walled vessels. B, photomicrograph to illustrate the detailed cell structure. Note 


the multiple vacuoles within the cytoplasm and the “fibrous” appearance of the 
cytoplasm 


nucleus was displaced to the periphery, giving a “signet-ring” appearance. No 
mitotic figures were observed, and no vacuolation of the nuclei was evident. 

The matrix was more abundant in the central portion of the lobules, where it 
‘ppeared homogeneous and basophilic. At the periphery the cells were more 
closely applied and tended toward a cordlike arrangement. Occasional foci of 
degeneration were observed, wherein the matrix appeared stringy and contained 


fibrils. There were many typical physaliferous cells which contained a central 


ytoplasmic mass with radiating fibrils across a clear zone to the protoplasmic 
~undary. No multinucleated or giant forms were observed. 
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The blood vessels of the tumor were confined to the fibrous tissue partitions 
and were thin walled and small. Occasional areas of interstitial hemorrhage were 
present, limited for the most part to the fibrous spaces between the lobules. 
Special stains disclosed the presence of large amounts of mucin within the tumor 
tissue. 


Comment.—Although the tumor typically originated in the midline 
beneath the pons, this case again illustrates the tendency toward unilateral 
involvement of the cranial nerves. It is somewhat unusual for a tumor 
of this size to affect the cranial nerves by pressure alone, since the 
growths are apt to incorporate the nerves within them in the process 
of extension. The fact that this is not invariably true, however. 
increases the chances of operability. In the second case reported by 
Bailey and Bagdasar,’® in which the patient was operated on by the 
transsphenoidal route, there were compression and elongation of the 
third, fourth and sixth cranial nerves by a large, friable tumor mass 
situated between the infundibulum and the pons. In Hass’? case, how- 
ever, there was involvement of the cranial nerves by a large tumor which 
incorporated practically all the nerves from the sixth down. 


Case 3.—The patient was a 22 year old woman who was first seen at the 
Cleveland Clinic with the complaints of diplopia, internal strabismus of the right 
eye, headaches, change in the voice and difficulty in swallowing. 

Two years prior to examination the patient first noted occasional diplopia on 
right lateral gaze, associated with a tendency toward internal deviation of the 
right eye. These symptoms became more marked and had been constant for 
about six months prior to examination. During this time she had frequently 
choked on attempts to swallow solid food. For the last few months there had 
been a lowered pitch to the voice, with inability to speak loudly. For a month 
before coming to the clinic she had been subject to dizzy spells in which there 
was a tendency for objects to appear as if they were swaying. The patient had 
lost 30 pounds (13.6 Kg.) in several months. 

Examination disclosed no cerebellar signs. The optic disks and visual fields 
were normal. The corneal reflexes were sluggish, and there were hypesthesia 
and hypalgesia in the cutaneous distribution of the second and third divisions of 
the right fifth nerve. There was complete palsy of the right sixth nerve but no 
facial weakness. The right side of the pharynx was anesthetic, and some impair- 
ment of sensation was present over the right side of the soft palate. The sense 
of taste over the posterior third of the right side of the tongue was also impaired 
The uvula retracted to the left, and the voice was husky. The right vocal cord 
was fixed in the cadaveric position. The right sternocleidomastoid muscle was 
atrophic and weak, and the right trapezius muscle was likewise involved. There 
was atrophy of the right side of the tongue, which deviated to that side on 
protrusion. 

The deep and superficial reflexes were generally diminished; there were ™ 
pathologic reflexes. No myotactic irritability was demonstrable, although, accord 
ing to the patient’s description, she had experienced fibrillations of the muscles o! 
the forearms and thighs. There was a decided bulge to the right lateral wall 
of the nasopharynx. A roentgenogram of the skull disclosed no abnormality 

The clinical diagnosis was malignant tumor of the nasopharynx with intracranial 
extension through the basilar bone. 
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The patient was not seen again until about four months later, at which time, 
in addition to the aforementioned symptoms, there were some nystagmus on lateral 
gaze, absent abdominal reflexes and a positive Babinski response on the right. 

A right cerebellar craniotomy was done. After incision of the pontile cistern 
it was possible to elevate the cerebellar lobe and expose the smooth, gray capsule 
of a large tumor which apparently took origin from the basilar bone anterior and 
medial to the jugular foramen. The ninth, tenth and eleventh cranial nerves 
were stretched tightly over the outer aspect of the growth, which approached 
within 2 mm. of the seventh and eighth nerves but did not displace them. The 
capsule of the tumor was almost avascular, and it was possible to remove the 
pinkish gray, soft and almost mucoid contents. The tumor was approximately 
6 cm. in length and 4 to 5 cm. in width, reaching almost to the opposite jugular 


Fig. 5 (case 3)—Photograph of the base of the skull after removal of the 
rain. Note the constriction in the tumor (which indicates the supratentorial 
extension) and the smooth, encapsulated dorsal surface of the growth. 


} 


loramen. The fifth and twelfth cranial nerves were not visualized. The tumor 
had eroded entirely through the basilar bone at the point of attachment over an 
area about 2 cm. in diameter. The capsule posterior and medial to the internal 


a ‘ . f . ; 
tuditory meatus was of bony hardness. The only troublesome bleeding occurred 


om a point within the capsule at the site of attachment, the tumor being other- 
wise relatively avascular. It was necessary to sacrifice the ninth and tenth nerves 
to control this bleeding, which was coming from a point in the opening in the bone, 
‘pparently from the posterior pharyngeal arteries. 
The patient recovered satisfactorily from the operation, and when she was next 
about nine months later, there appeared to be some return of function in 
the eleventh and twelfth cranial nerves. There were moderate dilatation of the 
right pupil and beginning right hemiparesis. It was felt at this time that the tumor 


va 


‘s recurring. The patient gradually failed. She died ten months later. 
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Pathologic Picture—At autopsy the significant positive abnormalities wer: 
limited to the head. Arising from the spheno-occipital synchondrosis, extending 
anteriorly under the tentorium and infiltrating the right temporal bone and the 
greater wing of the right sphenoid bone was a large growth which was entirely 
extradural. The tumor was lateral to the sella turcica and in one portion extended 
downward to the roof of the nasopharynx. The branches and ganglion of the 
fifth cranial nerve were stretched tightly over the surface of the tumor, which 
was firm and slightly fluctuant. The posterior extension passing beneath the 
tentorium was yellow and gelatinous, while the extension toward the roof of 
the nasopharynx was firm and white and had a glistening cut surface. 

There was no point of attachment or infiltration of the brain. The portion 
in the posterior fossa crossed to the left and produced a marked indentation in the 
left side of the pons and the left cerebral peduncle and cerebellum, while the supra- 
tentorial portion had compressed the right temporal lobe on its medial aspect 
(fig. 3). 

Microscopic examination revealed a typical chordoma. There was a well 
developed capsule of fibrous tissue, which was continuous with the septal strands 
which divided the tumor into characteristic lobules. The tumor tissue was com- 
posed of large, epithelioid cells containing several large or numerous small vacuoles 
The tissue gave a positive staining reaction for mucin. The nuclei varied in size 
and position but were generally compact and centrally placed. The growth was 
moderately avascular, but there was considerable interstitial hemorrhage. There 
were no giant cells, and mitotic figures were few. The matrix was homogeneous 
and basophilic. 


Comment.—This case illustrates the ease with which chordomas 
which involve or extend into the nasopharynx may be confused with 
primary nasopharyngeal growths. Nasopharyngeal extension of an 
intracranial chordoma occurs infrequently, probably because the marked 
cranial nerve palsies call attention to the growth before this has occurred 
Hass,” however, cited the case observed by Arauz and Podesta,” in 
which the symptoms of nasopharyngeal obstruction were present for 
twelve years before signs of intracranial involvement were evident. 
[It should be noted that nasopharyngeal extension is more common 
with the growths arising in the cervical portion of the spine (Syme and 
Cappell;?° Adson, Kernohan and Woltman®), the tumors originating 
in the anterior extremity of the chorda dorsalis (Bailey and Bagdasar * 
and the very rare growths arising from the odontoid process. However, 
nasopharyngeal extension is fairly typical if the spheno-occipital growths 
are allowed to progress to that point. This is preceded, of course, by 
destruction of the basiocciput, although it has been pointed out that the 
extent or volume of the nasopharyngeal portion may not parallel that 
of the intracranial lesion.* 


14. Arauz, S. L., and Podesta, R.: Cordomas malignas del cavum, Prensa 
méd. argent. 10:461, 1923-1924. 

15. Syme, W. S., and Cappell, D. F.: Chordoma of Cervical Vertebrae with 
Involvement of the Pharynx, J. Laryng. & Otol. 41:209-222 (April) 1926 
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ARCHIVES OF SURGERY 


GENERAL COMMENT 


There are few reports on surgical treatment of chordomas, although 
with the increasing tendency for neurosurgeons to explore regions oj 
the cranial cavity previously considered inaccessible an experience ; 
being accumulated. In none of the cases of chordoma reviewed }y 
Jelliffe and Larkin * in 1912 was the patient subjected to surgical 
exploration. Hass,? in 1934, found records of 25 instances in which 
surgical removal of the growth was attempted. He stated that of the 
patients who survived, few were benefited, the growth recurring in 
from six to eighteen months. However, it is notable that this is by no 
means the rule, and a completely pessimistic attitude toward these 
tumors is not warranted. Reference is made to the case reported by 
Klotz,'? in which four and one-half years intervened before recurrence 
was evident. In several publications note is also taken of the second 
case recorded by Bailey and Bagdasar.’° In this instance a biopsy 
specimen of the growth had been taken by Cushing through the trans- 
sphenoid route. The patient lived five years after operation, roentgen 
therapy having been instituted after the procedure. 

At operation the gross appearance of the well encapsulated tumor 
is not unlike that of an aneurysm. Frequently it is possible to separate 


5 


with considerable ease the compressed and stretched cranial nerves from 
the outer aspect of the tumor. Occasionally, however, as in the case 
reported by Hass,” the cranial nerves are encircled with tumor tissue. 
Similar involvement of the basilar artery may be present, adding to the 
difficulty of complete removal. The area of attachment to the basilar 
bone is usually relatively small, measuring from 1.5 to 2 cm. in diameter 
However, through this small area of attachment erosion and even per- 
foration of the bone may take place, with nasopharyngeal extension 
[t is practically impossible to remove this adherent portion of the tumor 

Another tendency which adds to the difficulty of any attempt at 
extirpation is the manner in which the growths, arising in the posterior 
fossa, extend over the petrous ridge to spread widely in the middk 
fossa, usually adjacent to the sella. This is well illustrated in the first 
and third cases reported here and in the first case reported by Van 
Wagenen.* Occasionally erosion of bone may take place in the reg 
of the extension, as in case 3. 

In the absence of the characteristic notching of the basilar plate 0! 
roentgen examination, there is no means of making an absolute diagnosis 


prior to surgical exploration. However, multiple cranial nerve palsies, 
° ° . . - . ° woAl 
particularly when associated with evidence of a lesion in the midal 


16. Jelliffe, S. E., and Larkin, J. H.: Malignant Chordoma Involving t 
and Spinal Cord, J. Nerv. & Ment. Dis. 39:1-16, 1912. 

17. Klotz, A.: Chordome malin du nasopharynx, Semaine d. hop 
7:56 (Jan. 31) 1931. 
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fossa, are highly suggestive. The diagnosis is even more likely when 
air studies indicate upward displacement of the third ventricle, the 
aqueduct of Sylvius and the fourth ventricle. This ventriculographic 
picture, characteristic of expansile lesions of the midline involving 
the basilar plate, is well illustrated in the article by Van Wagenen.* 
It should be noted, however, that other types of growths may involve 
the basilar bone. Upward and posterior displacement of the fourth 
ventricle by a midline tumor, apparently a meningioma, has been 
described by Turner and Lutz.** In this instance planigraphy was 
used to visualize the air-filled ventricular system. A complete discus- 
sion of meningiomas of the basilar groove was given by Cushing and 
Eisenhardt '® in their recent monograph. 
18. Turner, O., and Lutz, W.: Planigraphic Studies of the Fourth Ventricle: 
Preliminary Report with an Illustrative Case, Yale J. Biol. & Med. 12:251-253 
(Jan.) 1940. 

19. Cushing, H., and Eisenhardt, L.: Meningiomas: Their Classification, 
Regional Behavior, Life History and Surgical End Results, Springfield, Ill., Charles 
C. Thomas, Publisher, 1938, pp. 171-180. 
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Tuberculosis —W ildbolz,' discussing the early diagnosis and treat- 
ment of renal tuberculosis, stated that in many cases in the very earl) 
stages of renal tuberculosis the only symptom of the disease is bacilluria 
In other cases, however, in addition to bacilluria, slight albuminuria may 
be observed, together with slight leukocyturia. Many reports have given 
rise to the impression that in a tuberculous patient tuberculous bacilluria 
may be present without active disease of the kidney and also that bacil- 
luria without renal tuberculosis may be rather common. However, 4 
survey of the literature fails to disclose a single instance of such a typ 
of bacilluria, according to more modern critical evidence. Nor has tt 
been possible to date to produce tuberculous bacilluria in the absence 
of tuberculous disease of the kidney. It has not been shown eithe! 
clinically or experimentally that tuberculous bacilluria can arise from 
a healthy or a nontuberculous kidney. Thus, a discharge of tubercle 
bacilli from a kidney may well be accepted as evidence of the existence 
of a tubercle bacillus—discharging lesion in the organ. 


1. Wildbolz, H.: Die Diagnose und Therapie der Friihfalle von ‘vere! 
tuberkulose, Internat. Soc. Urol., Rep. (pt. 1) 7:267-320, 1939. 
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fuberculous renal infection demonstrated by bacilluria produces at 
‘he onset different types of scattered lesions in the kidney. In the most 
ommon form the lesions are exclusively or predominantly situated in 
the medullary part of the infected kidney, particularly in the papillae 
r in the calices. These lesions, with formation of typical tubercles, 
vidence a tendency toward early caseation and involvement of the 
renal pelvis. 

In a second, less common type, early tuberculous lesions predominate 
in the renal cortex and in spite of their formation of typical tubercles 
have an early tendency toward fibrous atrophy rather than toward 
caseation. 

The reason papillary lesions have a greater tendency toward caseation 
ind formation of abscess than do those in the cortical region may, 
perhaps, lie in the fact that tubercles in the papillary region lead much 
more frequently to retention of urine in adjacent tubules than do cortical 
tubercles. Urinary stasis and urine-soaked granulation tissue offer 
favorable conditions for the development and increased virulence of 
the bacilli and therefore rapidly bring about caseation and formation 
of abscess. Furthermore, by reason of the decreased circulation of 
blood in the papillary region as compared with that in the cortical sub- 
stance, the papillary tissue offers less resistance to the invading bacilli. 

There is a third early form of the infection, without formation of 
tubercles. Tubercle bacilli seem to enter the renal tissue and become 
attached without producing tubercles, but they apparently cause a non- 
tuberculous inflammatory tissue reaction. The relation between tissue 
llergy and the number and virulence of the tubercle bacilli permits, 
through allergic reaction of the tissues, rapid destruction of bacilli. As 
i result they produce only a nontuberculous inflammation. 

Karly diagnosis of renal tuberculosis entails various difficulties, 
cording to the anatomic type of the disease present. Caseous papillary 
tuberculosis, in which the lesions spread, as a rule, rapidly into the 
renal pelvis, causes pyuria and bacilluria early, as well as disturbed 


enal function, so that diagnosis is possible at a time when only minute 


aseous foci exist in the papillary region. Hence, the condition in almost 
ll kidneys removed in the early stage of the disease belongs to this 
natomic type of renal tuberculosis. 

Less marked symptoms are produced by caseous tuberculous lesions 
not yet in open contact with the renal pelvis and also by the fibrous type 
i renal tuberculosis in the first stage of the disease. Tuberculous bacil- 


wr 


irla may for some time be the only clinical symptom and afford the 
basis for diagnosis. 
Bacilluria demonstrable by means of animal inoculation and culture 
‘cems to occur rather early after tuberculous infection of the kidney. 
therefore, bacteriologic examination of the urine makes diagnosis pos- 


+} : ° 
‘ible in the earliest stage. 
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Typical renal pyuria and rapidly decreasing secretion of the disabled 
kidney indicate the probable presence of caseous renal tuberculosis. 

Although unilateral renal tuberculosis at the onset may be diagnosed 
easily and with certainty by the demonstration of bacilli in the renal 
secretion, it is difficult to detect the onset of tuberculous infection of the 
other kidney. Demonstration of the bacilli in the secretion of one kidne) 
proves that tuberculous involvement of that kidney exists, provided that 
the lower part of the urinary tract is free from tubercles, but there js 
no absolute proof of bilateral renal tuberculosis when the secretion of 
the opposite kidney contains tubercle bacilli. The possibility that bacilli 
spread from the bladder into the ureter of the opposite kidney never 
can be definitely excluded. But initial tuberculosis of the opposite kidney 
may be diagnosed with absolute certainty when the secretion of that 
kidney contains, in addition to bacilli, leukocytes in abnormal numbers. 

Treatment of initial unilateral renal tuberculosis differs according 
to whether the form is caseous or fibrous. The combination of uni- 
lateral bacilluria and pyuria associated with decreased function of the 
diseased kidney, making early caseous renal tuberculosis probable, 
demands immediate nephrectomy. However, if unilateral tuberculous 
bacilluria without pyuria and without clinically demonstrable loss of 
function is present, nephrectomy should be discouraged in spite of uni- 
lateral involvement, under the assumption that the disease process 
present is merely fibrous renal tuberculosis. General nonsurgical treat- 
ment for tuberculosis should be administered. But during this period 
accurate urinary control of the patient for from four to six months is 
necessary. Early symptoms of caseation must be carefully watched 
for, so that the only curative treatment, surgical intervention, will not 
be delayed when it is actually needed. 

In the presence of early bilateral renal tuberculosis, nephrectomy 1s 
indicated only when in the course of years the stage of the disease in 
the two kidneys differs to a great degree. 

Thomas, Stebbins and Rigos ? reported on the results of their studies 
and investigations of the methods of diagnosis and treatment of renal 
tuberculosis during their service as members of the staff at Glen Lake 
Sanatorium at Oak Terrace, Minn. This institution is owned by Henne- 
pin County and contains 700 beds. Patients are admitted for the 
diagnosis and treatment of all types of tuberculosis. 

The authors’ historical data reveal that various lesions of tubercu- 
losis, including those found in the kidney, were present in the human 
body five thousand years before Christ. 

In 1825 Pierre C. A. Louis discovered that lesions of tuberculosis 
in the thorax always precede extrapulmonary lesions. This statement 


2. Thomas, G. J.; Stebbins, T. L., and Rigos, F. J.: The Diagnosis and 
Treatment of Renal Tuberculosis, Internat. Soc. Urol., Rep. (pt. 1) 7:321-370, 1939 
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was universally accepted, even in 1825, by all physicians and surgeons 
interested in the diagnosis and treatment of all forms of tuberculosis, 
so that it was formulated into what is recognized today as “Louis’ law.” 

After the first successful removal of a tuberculous kidney, in 1872, 
the operation became popular, and by 1892 renal tuberculosis was 
the leading indication for nephrectomy. When it became possible to find 
tubercle bacilli in the urine which came from one kidney, the only treat- 
ment prescribed was surgical removal of that kidney, provided that 
sross evidence of infection was not observed in the other kidney. 

Pathologic examination and careful clinical observation demonstrate 
that any lesion of tuberculosis outside the thoracic cavity is evidence 
of hematogenous spread. Therefore, a renal lesion must be a local mani- 
iestation of a disease which is or can be general. It is evident today that 
tuberculosis of the kidney is secondary to tuberculosis situated elsewhere 
in the body, most often in the thoracic cavity. 

The data obtained from the postoperative follow-up reports of many 
surgeons who have removed large numbers of kidneys containing lesions 
of tuberculosis revealed that only 60 per cent of the patients who under- 
went unilateral nephrectomy survived more than two years. After the 
infected kidney had been surgically removed, the patients still had active 
lesions of tuberculosis in some organs or tissues; many of these lesions 
were situated in the remaining kidney. 

The pathologists’ interest in the early lesions of renal tuberculosis was 
not aroused until Medlar, in 1925, published his epoch-making work. 
Medlar, a pathologist, examined the kidneys of many persons who had 
died from pulmonary tuberculosis. The first startling fact he discovered 
was that both kidneys obtained from every patient contained multiple 
lesions of tuberculosis. None of the patients from whom these kidneys 
had been removed had symptoms referable to the urinary tract or 
symptoms that would have suggested renal tuberculosis. 

Data obtained from clinical research aimed at the discovery of early 
lesions of renal tuberculosis in patients who had other lesions of this 
disease, plus a certain amount of pathologic study, revealed that the 
authors’ conclusions are the same as those promulgated by Medlar. 
in addition, it has been demonstrated satisfactorily that the kidney does 
resist the destructive effect of Mycobacterium tuberculosis and that 
certain small lesions may be temporarily or permanently arrested, just 
as similar lesions may be controlled or arrested in other organs or tissues 
of the human body. The authors’ study of the diagnosis and treatment 
of the early lesions of tuberculosis of the kidney has convinced them that 
‘reatment other than surgical intervention may result in the arrest and 
possible cure of these lesions. Large, destroyed regions of tuberculosis 
in the kidneys of patients in private or clinical practice who are seeking 
relief from the typical symptoms of vesical tuberculosis (a secondary 


1 
nd 


ite lesion of urogenital infection) may not be cured by medical 
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means alone. The authors have demonstrated, however, that in patients 


with destroyed regions of tuberculosis in both kidneys a general and 
local defense mechanism may develop which will protect the patient and 
the kidney from the continuous destructive effects of Myco. tuberculosis 

Urologists should be prominent and active members of the staff oj 
every institution in which tuberculosis is being treated. If the urologist 
is given the opportunity, he will be able to make the diagnosis and 1 
suggest treatment of early renal disease before the kidney is destroyed 
and before other urogenital organs are permanently incapacitated 

Thomas, Stebbins and Rigos * conclude that: 

1. There is an early as well as a late stage of renal tuberculosis 
just as there are such stages in any other type of tuberculous infection 
In this stage the condition may be symptomless, but a careful searct 
will reveal clinical observations sufficient to make a diagnosis possibk 

2. A study of the early lesions of renal tuberculosis must be under 
taken while the patient is under treatment in a sanatorium. It is during 
the active stage of the original pulmonary or extrapulmonary lesion oj 
tuberculosis that the kidney becomes infected and the early lesions 
develop. 

3. Any patient who has pulmonary or extrapulmonary lesions of 
tuberculosis may have unrecognized renal involvement. Repeated uri 
nalyses, the injection of urinary sediment into animals and complet 
urologic studies should be carried out before a diagnosis which excludes 
renal tuberculosis is given. 

4. The route of spread of the bacilli of tuberculosis from 
thoracic cavity to the kidney is through the blood stream. 

5. A normal kidney does not eliminate the bacilli of tuberculosis 

6. The local renal lesion produced by the bacilli of tuberculosis is 
not a local disease but a local manifestation of a general disease. 

7. In the organs and tissues of the human body, resistance agains! 
Myco. tuberculosis may develop, which may be manifest in the kidne 
as well as elsewhere. 

8. The progress of lesions caused by tuberculosis of the kidney, as 
well as the progress of tuberculous lesions situated elsewhere, is slow 

9. Tuberculosis of the kidney does not present a pathologic pictur 
different from that of tuberculosis of other organs. When tuberculosis 
of other organs or tissues is studied, this fact becomes apparent. 

10. Bilateral renal infection occurs in between 47 and 51 per cent 
of all patients who have tuberculosis of the urogenital structures (00 t 
70 per cent during the invasive stage). Repeated examinations, includ 
ing the making of bilateral pyeloureterograms, are necessary to 
the absence of nondestructive tuberculous lesions in an apparently s' 
kidney. 
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[he primary focus of tuberculosis in the urogenital tract is most 
the kidney. Early tuberculosis of the urogenital apparatus is 
symptomless. 

Pveloureterograms may show definite evidence of a pathologic 
in a kidney when results of examination of the urine for the 
of tuberculosis from this kidney are negative. 

Bilateral pyeloureterograms are major factors in the making 

i a positive diagnosis of renal tuberculosis in 27 per cent of instances. 
They are valuable in enabling the urologist to follow the progress of 
lestructive lesions. 

14. The finding of Myco. tuberculosis in catheterized ureteral urine 
irom one kidney does not in itself constitute an indication for nephrec- 
tomy, even if results of examination of the urine from the other kidney 
ire negative. 

15. Treatment for every patient who has renal tuberculosis is both 
nedical and surgical. How long the medical treatment should be con- 
tinued before surgical treatment is started depends entirely on the 
condition present and the care with which the diagnosis has been made. 

16. Clinical and pyelographic evidence indicates that a nondestructive 
lesion of renal tuberculosis will heal. A patient who has this type of 
lesion should have the advantage of treatment in a sanatorium to assist 
him in building up the necessary resistance against the destructive effect 
i Myco. tuberculosis. 

17. Before he attempts removal of a kidney known to contain a 
lesion of tuberculosis, the urologic surgeon should be sure that the 
ther kidney is sound and that other lesions of tuberculosis have been 
arrested. This may require months of observation and repeated inocu 
lation of animals with urinary sediment. 

IX. Every patient who has submitted himself for surgical removal 

a tuberculous kidney should receive medical treatment after the 
peration. 

1%. The prevalence of renal tuberculosis is decreasing. 
20. The character of the lesions of renal tuberculosis is changing. 

Colby ® stated that patients who have renal tuberculosis are so bene 
ited by treatment in a sanatorium before operation that this type of 
treatment should be a part of routine care. Operation is seldom advisable 
itil the patient shows evidence of increased resistance to the disease. 
the type of service recommended is best rendered by institutions which 
re devoted to the care of extrapulmonary tuberculosis, and few com- 

unities have such hospitals. Renal and genital lesions complicate 


Colby, F. H Renal Tuberculosis and Sanatorium Care, J. Urol. 44: 
Oct.) 1940 
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tuberculosis of the bones more frequently than is generally supposed, 
and constant albuminuria is an early indication that the kidney may be 
involved. 

Anomaly.—The most common type of horseshoe kidney is that in 
which fusion of the lower pole occurs by means of an isthmus which 
consists of renal tissue and which lies in front of the great vessels 
Numerous variations of this type are found. 

Meek and Wadsworth‘ reported a case in which the horseshoe 
kidney lay between the great vessels. The right kidney lay in a trans- 
verse position and extended across the vertebral column. The left 
kidney was situated entirely to the left of the midline, and its long axis 
was parallel to the vertebral column. Fusion between the two had 
occurred at the lower poles. 

The vena cava passed over the right kidney, lying anterior to it 
and crossing it in its lateral half. The aorta lay behind the right kidney 
at about its middle. The line of fusion was situated 4.5 cm. to the left 
of the midpoint of the aorta. The portion of the mass crossing the mid- 
line lay over the lower half of the second and the upper half of the 
third lumbar vertebra. 

The vascular system was much more extensively developed on th 
left side. All the vessels, however, seemed to have had their origin in 
a single segment. The renal arteries stemmed from the aorta at the same 
level. The right renal artery passed down beneath the vena cava and 
after giving off a branch to the right adrenal artery divided into three 
branches. 

Numerous other anomalies were found. These included an anomalous 
situation of the carotid and subclavian arteries, an unusual position 
of the right recurrent laryngeal nerve, congenital fusion of two pairs of 
vertebrae, an extra rib on the right associated with fusion of two pairs 
of ribs on the left, an anomalous muscle of the left part of the thorax 
and many other minor developmental abnormalities. 

Quinn * reported a case of bilateral renal ectopy. The patient was 
a Negro aged 31 who complained of pain in the lower part of the 
abdomen. On abdominal exploration a kidney-shaped mass was found 
low on the right side, behind the peritoneum. Later, roentgen examina- 
tion demonstrated the presence of bilateral renal and ureteral opacities 
in the sacral region. Moderate hydronephrosis was present. Results oi 
functional tests showed comparatively normal renal function. 

Twenty-seven similar cases have been reported in the literature. 


4. Meek, J. R., and Wadsworth, G. H.: A Case of Horseshoe Kidney Lying 
Between the Great Vessels, J. Urol. 43:448-451 (March) 1940. 

5. Quinn, W. P.: A Case of Bilateral Renal Ectopy, J. Urol. 44:10-12 (Jul 
1940. 
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Stone.-—In an effort to substantiate the work of Randall on the 
development of stone in the kidney, Rosenow ® studied the renal papillae 
in 239 consecutive necropsies. Plaques of calcareous material in the 
renal papillae were found in 53 (22.2 per cent) of all specimens of tissue 
examined. Calculi were found in 13 (5.4 per cent) of all specimens of 
tissue examined ; they were adherent to the papillae in 5 cases. Bacteria 
were present in 24 of 37, or 64.9 per cent, of cases in which examination 
for bacteria was carried out. Microscopic intramedullary calcification 
was present in only 4 of 24 control sections of papillae, without grossly 
visible papillary plaques. Age, sex, grade of arteriosclerosis and diag- 
nosis at necropsy were not significant factors. 

Echinococcus Cyst.—Grindlay and Walters’ reported a case of 
echinococcus disease of the kidney. The patient was a man aged 50. 
At physical examination a large, partially subcostal, nontender mass was 
discovered in the left upper quadrant of the abdomen. The urine con- 
tained an occasional pus cell but showed no other abnormality. Visualized 
by means of a localized roentgenogram, the tumor mass in the left upper 
abdominal quadrant was described as being 17.cm. in diameter and as 
having a region of calcification at its upper border, which could not be 
distinguished from the left kidney. A diagnosis of a large solitary cyst 
at the upper pole of the left kidney, deforming the pelvis and the upper 
calices in crescentic fashion, was made on the basis of an excretory 
urogram. Operation was performed with the use of spinal anesthesia, 
complemented by nitrogen monoxide and oxygen. Exposure was made 
through the usual posterolumbar incision and augmented by subperiosteal 
resection of the twelfth rib. Almost the entire kidney was found to be 
involved in a cystlike mass approximately 36 cm. in diameter. The 
ureter and the renal vessels were ligated and divided; adhesions to the 
posterior parietal and the diaphragmatic peritoneum were broken, and 
the kidney, together with the adherent portion of the tail of the pancreas 
and the left adrenal body, was removed. The weight of the specimen, 
from which a considerable amount of the contents had been lost, was 
620 Gm. The upper pole of the kidney was deformed by a cyst measur- 
ing 17 cm. in diameter. The wall of the cyst was 2 to 3 mm. thick and 
consisted of fibrous and hyaline tissue with regions of calcification. The 
cyst was filled with more than one hundred daughter cysts from 1 to 3 
cm. in diameter and with semiliquid, colorless, gelatinous material ; it 
was lined with a yellow caseous substance. Hooklets and scolices of 
Taenia echinococcus were seen in one of the daughter cysts and served 


6. Rosenow, E. C., Jr.: Renal Calculi: A Study of Papillary Calcification, 
J. Urol. 44:19-28 (July) 1940. 
: 7. Grindlay, J. H., and Walters, W.: Echinococcus Disease of the Kidney : 
Report of a Case, Proc. Staff Meet., Mayo Clin. 15:341-345 (May 29) 1940. 





434 ARCHIVES OF SURGERY 


to establish the diagnosis. The Casoni cutaneous reaction was positive 
for echinococcic disease, but the results of fixation of the complement 
were negative. 

Infections of Renal Cortex.—\Kahle, Green and Tomskey * reported 
11 cases of staphylococcic infection of the renal cortex. The symptoms 
of cortical abscess seem to develop more rapidly and the febrile reaction 
seems to be consistently more marked than is the case in the presence 
of carbuncle. Pain in the loin was invariably present with both con- 
ditions, but rigidity of the lumbar muscles varied in degree and was 
sometimes absent. The leukocyte count was generally higher when 
carbuncle was present, and the percentage of polymorphonuclear leu- 
kocytes was lower in the presence of carbuncle than in the presence of 
cortical abscess. Culture of the blood was not helpful in the formation 
of a diagnosis. The urine, except in 1 case, in which the abscess had 
ruptured into the calix, was consistently normal. Culture of material 
from the kidney and of vesical urine usually showed no growth 
Cystoscopic examination showed no changes in the mucosa of the 
bladder. Roentgen and pyelographic examination failed to supply infor- 
mation in about half the cases. 

The diagnosis of cortical abscess or carbuncle usually can be made 
on the basis of history, physical observations and laboratory data, but 
differentiation between carbuncle and abscess usually cannot be made 
with certainty. Determination of previous furunculosis or of some 
similar condition is helpful. The presenting symptoms frequently ar 
not proportionate to the degree of pathologic change found at operation 

Kahle, Green and Tomskey * concluded that, although carbuncle and 
abscess of the kidney frequently resemble each other clinically, they are 
not identical and differ materially in pathologic aspects. Therapy 1s 
essentially surgical, but radical operation is not always necessary. A 
lower mortality rate seems in general to follow nephrectomy, but excel- 
lent results can be achieved by conservative procedures in properly 
selected cases. Early diagnosis and prompt surgical intervention 
decrease the mortality rate and the postoperative morbidity rate, and th 
time element is therefore an important factor in the final outcome 

Necrosis——A review of the 40 proved cases of symmetric cortical 
necrosis of the kidneys reported in the literature suggests that the renal 
condition is a pathologic manifestation of extremely severe toxemia 0! 
pregnancy. There are no characteristic symptoms which enable th 
urologist to predict the development of symmetric cortical necrosl 
Premature delivery of a dead and usually macerated fetus, followed at 
once by anuria, is the rule. Progressive retention of nitrogen in the blo x 


8. Kahle, P. J.; Green, M. M., and Tomskey, G.: Staphylococcal Ini 
of the Renal Cortex: An Analysis of Five Additional Cases of Carbuncl 
Six Additional Cases of Abscess, J. Urol. 43:774-792 (June) 1940. 
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‘s common, but the clinical picture resembles more closely that associated 
with bilateral ureteral obstruction than that associated with classic uremia. 

\lthough the condition is usually fatal, 1 case has been reported m 
which recovery followed decapsulation. Microscopic proof of the diag- 
nosis was obtained from a portion of the renal substance removed at 
the time of operation. This condition may not be uncommon, and for 
every patient who dies there may be a number of patients with less 
extensive involvement who recover without a diagnosis having been 
made. 

\lthough there are no characteristic manifestations of any type of 
impending renal cortical necrosis, the toxemia can be anticipated and 
treated. All patients who show any sudden increase in weight should 
have rest in bed, elimination of sodium salts, restriction of fluids to a 
normal intake and adequate catharsis. 

Davis ® reported a case in which the description of the kidneys as seen 
at necropsy was characteristic of the observations in this condition. 

[he kidneys were similar and of approximately normal size. The capsule 
stripped spontaneously from a smooth, remarkably pale light brown surface. On 
section the cortex was a similar light gray brown, sharply demarcated from the 
kidney medulla, which was of approximately normal color. . . . In the kidneys 
these striking cortical changes were infarcts due to occlusion of the small branches 
of the renal artery by organizing thrombi. The infarcted portion extended from 
the medulla to the capsule, with the frequent exception of a narrow subcapsular 
zone of living tissue nutrified by capsular vessels. Tubular and glomerular 
formation could be made out but all cellular detail was lost. Nuclear fragments 
were scattered through the bright red staining necrotic cytoplasm. The arteries 
were occluded by masses of old red staining fibrin, which was frequently almost 
entirely replaced by young fibroblasts growing from the subendothelial tissue. 
Many of the collecting tubules were filled with plugs of albuminous material. 


RENAL HYPERTENSION 

Braasch, Walters and Hammer '° made a study of readings of blood 
pressure in 975 consecutive cases collected from files at the Mayo Clinic 
to determine the incidence of hypertension in an average group of adult 
patients. To determine whether the incidence of hypertension is increased 
by pathologic changes observed in the so-called surgical kidney, study 
was then made of the records of a group of 1,684 patients who underwent 
surgical operations on the kidneys at the clinic. Hypertension occurring 
in the presence of a unilateral lesion of the kidney was frequently relieved 
by operation on the kidney. 

The incidence of hypertension in a group of 1,684 patients who under- 
went renal surgical operations was no higher than it was in a group of 
patients taken at random. 

9. Davis, C. H.: Symmetrical Cortical Necrosis of Kidneys, J. A. M. A. 
114:2370-2372 (June 15) 1940. 


10. Braasch, W. F.; Walters, W., and Hammer, H. J.: Hypertension and the 
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The renal lesion amenable to surgical treatment which occurs most 
often in association with hypertension is unilateral atrophic pyelo- 
nephritis. This lesion is the result of extensive infection and js 
characterized by widespread atrophy of the renal tissues and sclerosis 
of the renal blood vessels; apparently this process is a cause of hyper- 
tension. Hypertension afflicted 20 of 43 patients operated on for primary 
atrophic pyelonephritis, or 46.5 per cent. 

Hypertension was observed in 161, or 20.3 per cent, of 793 cases 
in which operation was performed for renal stone. The role of secondary 
infection is important, since hypertension occurred in 22.5 per cent of 
cases in which infection was manifest and in only 5.7 per cent of cases 
in which there was no infection. However, the deciding factor was 
not the degree of infection but the presence of extensive vascular sclerosis 
and parenchymal atrophy. 

Hypertension was noted in approximately 14 per cent of cases of 
hydronephrosis without stone for which operation was performed. As 
with renal stone, the presence of tissue atrophy and vascular sclerosis 
seemed to affect the blood pressure. The degree of pyelectasis did not 
seem to be a factor, since the incidence of hypertension was no greater 
in cases in which pyelectasis was of grade 4 than in cases in which it 
was of grade 1. 

Hypertension was noted in 38, or 27.7 per cent, of 137 cases in 
which operation was performed for renal adenocarcinoma. The com- 
paratively high incidence of hypertension in this group of cases was 
increased by the factor of age, since 87 patients, or 63.5 per cent, were 
in the sixth decade of life or were older. 

Hypertension may develop in a variable time after a previous con- 
servative renal operation. In many cases the blood pressure becomes 
normal after removal of the affected kidney. In every case of hyper- 
tension in which there is a history of previous operation the possibility 
of postoperative nephrosclerosis must be considered. Renal insufh- 
ciency apparently is not a factor in the causation of hypertension. In 
most cases of hypertension studied by the authors no evidence of reduced 
renal function was found. On the other hand, many patients whose 
renal function was reduced had no hypertension. 

Back pressure as the result of renal stasis usually is not a factor 
in hypertension unless acute bilateral obstruction is present. 

3ilateral renal involvement, such as occurred in many cases of renal 
stone, hydronephrosis and renal tuberculosis, is not an etiologic factor 
in hypertension. 

A follow-up study was made in 198 cases in which hypertension was 
present and in which the patients were subjected to surgical operation. 
The blood pressure became normal after operation in 65, or a third, 
of the cases and remained normal for a year or more. 
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It may be predicated that hypertension will be relieved by surgical 
operation in approximately 70 per cent of cases in which it accompanies 
atr yphic pyelonephritis, in 50 per cent of cases in which it is associated 
with renal tuberculosis and in 25 per cent of cases in which it is an 
accompaniment of renal stone, hydronephrosis or tumor. 

Although hypertension associated with surgical lesions of the kidney 
is relieved more often by nephrectomy than by conservative operation, 
the blood pressure may return to normal after nephrolithotomy and 
renal drainage. 

Reduction in blood pressure may exist for more than a year after 
operation, and yet hypertension may return. This can be explained 
on the ground that a toxic or irritant lesion has been eliminated and 
that when this influence has worn off the underlying essential hyper- 
tension reasserts itself. To determine whether recovery after operation 
is permanent it is necessary to determine the patient’s blood pressure 
regularly for more than a year. 

Crabtree * stated that in a high percentage of cases of pyelonephritis 
of pregnancy evidence of renal damage is apparent after five to eighteen 
years. Hypertension was present in 8 of 72 cases of pyelonephritis and 
also in all in which the complication of toxemia was present. The 
relation of hypertension to the degree of renal damage was not always 
constant, but there was a closer relation of hypertension to the conditions 
in which marked renal insufficiency was present than to those in which 
lesser degrees of damage to the kidneys were observed. Hypertension 
is not the rule in cases of pyelonephritis of pregnancy at from five to 
eighteen years after the infection. 

Nesbit and Ratliff ** stated that experimental and clinical investiga- 
tions have established a relation between non-nephritic renal lesions 
and hypertension. Vascular changes within the infected kidney asso- 
ciated with hypertension have been reported by most observers. That 
the same vascular changes may occur in chronically infected kidneys 
without associated hypertension appears to be true on the basis of cases 
presented by Nesbit and Ratliff.’? 

Nephrectomy appears to be a justifiable procedure in cases of 
unilateral pyelonephritis in which hypertension is present. There is a 
reasonable expectancy for improvement in patients who have this con- 
dition provided that the functioning capacity of the remaining kidney 
is unimpaired. Secondary vascular changes occurring elsewhere in 
the body may militate against expected recovery. 


ll. Crabtree, E. G.: Pyelonephritic Injuries to the Kidney and Their Relation 
to Hypertension, J. Urol. 44:125-134 (Aug.) 1940. 
12. Nesbit, R. M., and Ratliff, R. K.: Hypertension Associated with Unilateral 
Nephropathy, J. Urol. 48:427-447 (March) 1940. 
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Two cases of obstructive nephropathy with resultant hypertension 
were presented. Results of appropriate treatment in these cases clearly 
demonstrated that the causal relation between obstruction and hyper- 
tension is not renal insufficiency and suggested a reflex rather than 
toxic or humoral origin, since nephrostomy was as effective as nephrec 
tomy in restoration of the blood pressure to normal values. 


a 


In 1 case malignant hypertension occurred ten years after injury 


to the kidney. The possibility of a causal relation between ischemic 
changes in this kidney and the hypertension which was observed sug- 
gested the advisability of making periodic determinations of blood 
pressure in all cases after trauma to the kidney. The development oi 
hypertension in such circumstances would appear to make prompt 
nephrectomy a rational procedure. 

MacKenzie and Seng** stated that hypertension in patients whi 
have pyelonephritis is relatively common. When pyelonephritis is 
unilateral and is in the advanced stage, removal of the kidney has in 
many cases reduced the pressure permanently. 

Many of these kidneys are found in very young patients and are of 
the small contracted type. With such patients, certainly with those in 
the ischemic group, a congenital element may in a measure be responsible 

Until these questions can be answered more satisfactorily, surgical 
treatment in early stages of the condition must still be regarded as 
experimental. In the presence of polycystic kidneys, the advisability of 
surgical intervention for hypertension seemed questionable to MacKenzi 
and Seng ** at the time of their writing. 

In the presence of obstructive lesions, they wrote, the procedure is 
much clearer and relief of the obstruction is always indicated. 

Koons and Ruch "* reported a case in which hypertension afflicted 
a 7 year old girl who had a Wilms tumor. Nephrectomy relieved th 
condition. 

The specimen removed at operation consisted of a tumor mass and 
kidney 15.5 by 10 by 9 cm. A small, firmly circumscribed portion, 
apparently of renal tissue, was seen, although on section the arch 
tectural markings were not apparent. On section the tumor itself was 
soft and yellowish gray, with small portions of hemorrhagic infiltration. 
A few cystlike cavities were filled with a yellowish gelatinous fluid 
The pathologic diagnosis was embryoma of the kidney (Wilms tumor ) 

The exact mode of interference with renal circulation in this cas 
was not apparent, but it was probably due to pressure of the tumor 


13. MacKenzie, D. W., and Seng, M. I.: Urological Aspects of Hypertens 
Surg., Gynec. & Obst. 70:578-583 (Feb. 15) 1940. 

14. Koons, K. M., and Ruch, M. K.: Hypertension in a Seven Year Old 
Girl with Wilms’ Tumor Relieved by Nephrectomy, J. A. M. A. 115: 1097-109 
(Sept. 28) 1940. : 
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tissue, Which invaded the renal pedicle and the adjacent lymph nodes. 
[he compactness of the tissues in that region was most evident at opera- 
tion, before the kidney was freed from its bed. Another possibility 
was that the neoplastic mass, which almost entirely surrounded the 
kidney, acted in the same manner as the cellophane envelope used by 
Page to produce experimental hypertension. Hypertension in this case 
could scarcely have been referable to some product of the tumor itself, 
because metastasis was found, yet the blood pressure returned to a 
normal value. 

Barker and Walters '* reported 5 cases of unilateral chronic atrophic 
pyelonephritis associated with hypertension in which the blood pressure 
returned to and persisted at normal levels after nephrectomy. None 
of the patients had advanced organic arterial damage ; all had a relatively 
high diastolic pressure as compared with the systolic pressure, and in 
the 3 patients concerning whom the element of time was definite hyper- 
tension had not long existed. All patients had chronic unilateral 
atrophic pyelonephritis with contraction of the diseased kidney to less 
than half the normal weight and with marked arterial thickening in 
the scarred region. Since these regions comprised a large portion of 
the renal tissue in each case, there can be no doubt that there was 
considerable obstruction to the renal arterial flow. Because of the 
relation of these changes to hypertension and the excellent results 
obtained for these 5 patients, the authors reviewed a series of 57 con- 
secutive cases of chronic atrophic pyelonephritis and found that in 45.6 
per cent the systolic blood pressure was more than 145 mm. of mercury. 
Likewise, they studied 24 cases in which chronic atrophic pyelonephritis 
was disclosed at pathologic examination after nephrectomy and found 
that in 62.5 per cent the blood pressure was elevated and that in 45.8 
per cent definite hypertension was present. 

\ll these studies led to the conclusion that, although localized renal 
lesions are uncommon in cases of essential hypertension, when there 
are thickening and contraction of the arterial walls, such as are seen 
in the presence of atrophic pyelonephritis, hypertension will result and 
will be relieved by removal of the diseased kidney. 


Horton '® made a statistical study of the relation of hypertension to 
renal neoplasm. He stated that the presence of hypernephroma and 
hypertension, with disappearance of hypertension after removal of the 
tumor and recurrence of the hypertension associated with recurrence 
of the hypernephroma, certainly suggest a causal relation. 


15. Barker, N. W., and Walters, W.: Hypertension and Chronic Atrophic 
Pyelonephritis, J. A. M. A. 115:912-916 (Sept. 14) 1940. 
16. Horton, B. T.: The Relationship of Hypertension to Renal Neoplasm, 
Proc. Staff Meet., Mayo Clin. 15:472-474 (July 24) 1940. 
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He considered a total of 491 cases of all types. <A systolic blood 
pressure of 140 mm. of mercury and a diastolic blood pressure of 90 mm. 
were regarded as the upper limits of normal. The renal tumors were 
divided arbitrarily into two groups: (1) hypernephromas and (2) 
tumors of other types, which included papillary squamous cell epi- 
theliomas, sarcomas and hemangioendotheliomas. 

A summary of the study follows: There were 335 cases of hyper- 
nephroma. Two hundred and forty-seven men and 88 women were 
affected. Approximately 60 per cent of the men had normal blood 
pressure, and approximately 40 per cent had hypertension. Of the && 
women who had hypernephroma, approximately 45 per cent had normal 
blood pressure, and approximately 55 per cent, hypertension. Taken 
as a group, 188 of the 335 patients who had hypernephroma had 
normal blood pressure; 144 had hypertension, and 3 had hypotension. 
Of the 144 who had hypertension, the blood pressure of only 46 was 
recorded after nephrectomy ; of these 46, 18 had normal blood pressure 
and 28 had hypertension. One hundred and twenty-four patients had 
other renal tumors. Of these, 67 had normal blood pressure and 57 
had hypertension. Of the 67 patients who had normal blood pressure, 
the pressures of 18 were read after operation. Of these 18, 12 had 
normal blood pressure, 4 had hypertension and 2 had hypotension. Oj 
the 57 patients who had hypertension, records were obtained of 25 after 
nephrectomy, and of these, 11 had normal blood pressure and 14 still 
had hypertension. 

No consistent alteration in blood pressure followed removal of a 
tumor of either type. This was particularly significant in cases of 
hypernephroma, in which about as high an incidence of hypertension 
occurred after removal of the tumor as had existed prior to the opera- 
tion. There was no constant increase in the blood pressure of patients 
suffering from renal tumors, and this study failed to substantiate the 
observation of previous investigators that marked diminution of ante- 
cedent hypertension follows removal of a hypernephroma. 


TUMORS 


Kozoll and Kirshbaum' reported 33 instances of hypernephroid 
adenoma or benign hypernephroma, is all of which the tumors were 
observed incidentally post mortem. Six of these benign growths occurred 
simultaneously with another unrelated type of malignant tumor. The 
tumor was usually smaller than 5 cm. in its greatest diameter. 

Kozoll and Kirshbaum also presented 44 cases of hypernephroid 
carcinoma or hypernephroma. In 6 of the 44 cases the carcinoma was 


17. Kozoll, D. D., and Kirshbaum, J. D.: Relationship of Benign and Malignant 
Hypernephroid Tumors of Kidney: Clinical and Pathological Study of Seventy 
Seven Cases in 12,885 Necropsies, J. Urol. 44:435-449 (Oct.) 1940. 
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an incidental postmortem observation ; the malignant characteristics were 
obvious on gross examination. In 6 additional cases in which lesions 
appeared to be benign on gross inspection, they subsequently were proved 
to be malignant ; invasion of the capsule and adjoining renal parenchyma 
had occurred, and tumor thrombi were present in the arcuate veins near 
the renal cortex. These changes were interpreted as the earliest evi- 
dences of malignant transformation. This experience led to the con- 
clusion that a hypernephroma, regardless of size, can be considered 
benign only after metastasis and invasion have been excluded. 

Kozoll and Kirshbaum* stated that hypernephroma is a tumor 
of varying histologic features with a developmental cycle of long standing. 
hey wrote that the benign hypernephroid adenoma is potentially malig- 
nant and may be the precursor of hypernephroid carcinoma. 

Vascular Pedicle-—Pick and Anson** studied the renal vascular 
pedicles of 200 cadavers. On the basis of their studies the following 
conclusions may be drawn: 

Multiple renal veins are rare on the left side (they were found in 
only 2 of 200 cadavers, or 1 per cent), whereas they are common on the 
right (54 of 194 sides examined, or 27.8 per cent). 

On the basis only of the number of vessels examined in the study 

| Pick and Anson ** (and considering both sides), the renal pedicle 

39 per cent of the specimens (78 of 200) was composed bilaterally 
f two vessels. 

Bilateral equality in the total number of vessels in the pedicles occurs 
in 49.5 per cent of cases (in the study alluded to, it occurred in 99 of 
200 cadavers). 

Single renal arteries and veins on both sides in the same specimen 
occur in 38.5 per cent of cases (they occurred in 77 of 200 cadavers), 
whereas a single renal artery and vein compose the pedicle in 59.5 per 
cent of sides (in 239 of 400 sides of cadavers examined). 

It is commonly stated that the right renal artery is longer than the 
leit renal artery and that the left renal vein is longer than the right. 
\lthough this is anatomically true, actually the length of the two pedicles 
irom a surgical standpoint (permitting free mobilization) is about the 
same ; on the right side the lateral border of the vena cava offers a fixed 
point for the renal arteries, whereas on the left the lateral border of 
the aorta functions in a similar manner. From the urologic standpoint, 
difference in the length of the pedicles is more apparent than real. 

Although it is true that ligation of the large collateral vessels of the 
dorsum of the left renal vein, just lateral to the aorta, would free the 


18. Pick, J. W., and Anson, B. J.: The Renal Vascular Pedicle: An Ana- 


tomical Study of Four Hundred and Thirty Body-Halves, J. Urol. 44:411-434 
Oct.) 1940, 
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vein more completely, the left renal arteries are short; therefore, suc 
a procedure would be of little surgical benefit. On the right it would 
be necessary to liberate the renal arteries from the dorsum of the vena 
cava—a dangerous method of mobilization. [ven if such a procedure 
were successful, the right renal veins, being short, would nullify th 
effect of securing greater freedom for the right renal arteries. 

Additional renal veins, which occur less frequently than super- 
numerary arteries, often communicate on the left side with other visceral 
veins (adrenal and spermatic or ovarian veins), with a retroaortic venous 
plexus and with the left lumbar and hemiazygos veins. Not infrequent! 
the regular vein passes in front of the aorta and the supernumerary vei 
passes behind the aorta, forming (between the left kidney and the 
cava) a circumaortic venous ring. 


ven 


Of surgical interest are those cases in which the gonadal vessel 
merely crosses the renal pedicle and those in which the vessel follows 
the renal artery in a transverse course before it descends on the left side, 
hooking around the suprarenal tributary of the renal vein. Spermatic 
or Ovarian arteries may arise directly from the renal artery, thus being 
proximally, constituents of the renal pedicle. 

Mussey and Lovelady '* studied pyelitis in its possible relation t 
the preeclamptic toxemia of pregnancy. They stated that from 1924 t 
1937 inclusive there were 5,960 deliveries at the Mayo Clinic, with an 
incidence of pyelitis of 2 per cent. Of 117 patients who had pyelitis of 
pregnancy, 3 were afflicted by acute hypertensive toxemia and a fourth 
was afflicted fatally by an inflammatory renal lesion. Of 163 patients 
who had preeclamptic toxemia or eclampsia, 6 exhibited symptoms of 
pyelitis in the puerperium; none gave a history of pyelitis prior to the 
first pregnancy. When treatment was instituted early, a large majority 
of the patients who had pyelitis responded with reasonable promptness 
to the usual medical methods of treatment, so that in recent years (that 
is, in this particular clinic) the necessity for urologic consultation has 
been infrequent. 

Mussey and Lovelady '” stated that women suffering from undoubted 
renal disease should be advised against subsequent pregnancy. Some 
patients recover from acute renal disease, and in others the residual 
damage is so mild as to escape detection by the usual methods of exami- 
nation. Among the patients who had pyelitis, 30 had one or mor 
subsequent pregnancies ; in 2 cases of the 4 previously mentioned (3 o! 
acute hypertensive toxemia; 1 of an inflammatory renal lesion, in which 
death occurred) toxemia developed during a subsequent pregnancy. 


19. Mussey, R. D., and Lovelady, S. B.: Is There a Clinical Relations 
Between Pyelitis of Pregnancy and Pre-Eclamptic Toxemia? Am. J. Obst. & 
Gynec. 39:236-242 (Feb.) 1940. 
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Results in the cases reported would indicate that acute pyelitis of 
pregnancy when treated promptly is not in itself especially likely to 
cause preeclamptic toxemia or eclampsia and that after one attack of 
cute pyelitis of pregnancy the majority of women do not exhibit symp- 
toms of residual renal damage. 


0 


Calcification. Anderson *° observed microscopic deposits of calcium 
n routine sections obtained from 180 (12 per cent) of a series of 1,500 
patients who came to necropsy. In the group were cadavers of 540 
infants or children, among which 31 (5.7 per cent) with renal calcifica- 
tion were observed. Among the cadavers of 960 adults, 149 (15.5 per 
cent) exhibited evidence of renal calcium deposition. Although the 
incidence of this condition among the cadavers of infants and children 
was less, calcification was more severe and massive in cadavers of infants 
ind children than in cadavers of adults. In most cadavers of adults the 
deposits of calcium were small; frequently only a single mass of calcium 
was noted. There was invariably evidence of renal damage, and most of 
the calcification appeared to be of the dystrophic type. The cortex was 
more commonly involved than was the medulla. Early formation of 
calculus on the basis of deposition of calcium beneath the pelvic epi- 
thelium was noted in 2 instances. Massive calcification, such as occurs 
n association with hyperparathyroidism, was not observed. In no case 
was calcification severe enough to have exerted a significant effect on 
renal function during life. 
URETER 

!ransplantations.—Hinman,*' discussing ureterointestinal implanta 
tion and cystectomy for cancer, stated that the component subjects of his 
particular inquiry are vesical malignant tumor, ureterointestinal implanta- 
tion and cystectomy. The plan of discussion was: part 1, published 
studies (a) of ureteroenterostomy and (b) of cystectomy, and part 2, 
personal studies, (@) experimental and (0b) clinical. 

In section a of part 1 (published studies of ureteroenterostonny ) 
Hinman ** said that the four main principles on which technic depends 
ire the muscularizing principle, the intact orifice, the submucosal prin- 
ple (valvular action) and the intact ureter. Published results (achieved 
by all methods except that based on the principle of the intact ureter) in 


“SO cases show: Five hundred and thirty operations were performed 


t benign conditions, with 159 deaths (30 per cent mortality rate) ; 212 
perations were performed for malignant conditions, with 111 deaths (50 
-(. Anderson, W. A. D.: Renal Calcification in Adults, J. Urol. 44:29-34 
1940. 
Hinman, F The Technic and Late Results of Uretero-Intestinal Implan 


ind Cystectomy for Cancer of the Bladder, Internat. Soc. Urol., Rep. (pt. 1) 
355. 1939 





444 ARCHIVES OF SURGERY 


per cent mortality rate) ; and 44 operations were performed for condi 
tions not stated, with 24 deaths (54 per cent mortality rate). The totals 
are thus 786 operations for all conditions, 294 deaths and a mortality 
rate of 37 per cent. 

In section b of part 1 (published studies of cystectomy for vesica! 
cancer) Hinman *! wrote that cystectomy was done 133 times aiter 
ureteroenterostomy (62 one stage operations and 37 operative deaths: 
71 two stage operations and 14 operative deaths; 6 patients known to 
have survived for five years or more). Cystectomy also was done 117 
times after other methods of ureteral disposal had been tried (8 patients 
known to have survived for five years or more). For an operable patient 
the risk of cystectomy, apart from the risk implied by diversion of urine, 
is less than 5 per cent, Hinman ** wrote. 

In section a of part 2 (personal experimental studies), Hinman” 
said that peritonitis is caused by leakage after operation, not by con- 
tamination at the time of operation. (It occurred 25 times in the course 
of ureteroenterostomy performed 172 times on 134 dogs.) Leakage 
follows faulty closure, failure of sutures to hold or unusual necrosis of 
the ureter or of the bowel. Oblique submucosal implantation is the 
best safeguard when it is performed with these precautions and precepts 
in mind: 


1. The intestinal submucosa will hold sutures securely. Sutures 
placed in the serosa or muscularis easily slough through or tear out. 


2. The adventitia is the only layer of the ureter for suturing. 


3. A suture which penetrates the wall of the intestine or ureter is a 
potential cause of fistula. 


4. Undue trauma of those parts of the intestine and ureter which are 
anastomosed will lower the patient’s resistance to infection and may lead 
to gangrene. Leakage may follow necrosis. The ureter should be 
handled gently ; it never should be pinched or pulled. 

5. Injury to blood vessels, particularly to the submucosal vessels oi 
the intestines and to some periureteral vessels, is dangerous. The ureter 
cannot always be stripped bare to the adventitia without the risk of such 
injury. It should be brought as cleanly as possible from its extraper!- 
toneal bed and then left without further stripping. When all these con 
ditions have been successfully fulfilled there need be no fear of peritonitis. 
the only reason for extraperitoneal implantation. 

6. Contamination of the field will not cause peritonitis if the implan- 
tation is made and if the ureter remains secure. Nevertheless, contam- 
ination is bad; local infection or even abscesses may follow it. 

Hinman ** said that all the foregoing precautions and precepts apply 
to the prevention of ureteral obstruction. Early ureteral block resulting 
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rom surgical edema, infectious tumefaction and massive gangrene of the 
end in excess are thought to be avoided by use of the principle of 
he intact ureter, previously mentioned. Yet 9 of 11 ureters so implanted 
in 8 dogs) were found to be dilated, and the kidneys were found to 
lhe hydronephrotic, from thirteen days to seven months later. 

In section b of part 2 (personal clinical studies), Hinman *' wrote 
that the patient on whom cystectomy is to be done should be selected on 
a rigid basis, not alone on that of the seeming hopelessness of his condi- 
tion without cystectomy but on that of operability. After uretero- 
enterostomy, cystectomy carries its own risk, to be reckoned with also 
under operability, a risk which is lowered when cystectomy is done at 
a second stage and when it is performed by a technic which produces 
perineal drainage in men and vaginal drainage in women. 

With 9 patients, Hinman ** reported, removal of all the cancer was 
found to be impossible. Of 16 remaining supposedly operable patients, 
© died, and their deaths were considered to be “surgical.” The cause of 
death for 2 of these patients was pulmonary; the cause of death for 4 
patients was faulty implantation technic. Of the 10 patients who survived 
surgical treatment, 1 lived almost five years and died of chronic pyone- 
phrosis; 3 died of recurrence after one, one and a half and two years, 
respectively. Six were living and well at the time Hinman *' wrote. 

Gouverneur ** discussed the technic and results of ureteral trans- 
planation. The most important problem of ureteral implanation is 
competent establishment of the flow of urine after separation of the 
ureter from its normal orifice in the bladder. Ureterocystoneostomy is 
implantation of the juxtavesical part of the ureter into the bladder. Little 


by little this operation, in spite of critics, has gained the approval of 


most surgeons, and study of remote results and functional tests has 
proved the value of this type of intervention; its success depends com- 
pletely on the strictness with which the indications are formulated and 
on the perfection of the operative technic. 

The procedure can concern only, in fact, the juxtavesical part of the 
ureter, or, more exactly, the last 5 cm. Its purpose is to reproduce as 
nearly as possible the normal conditions of ureteral function. The ureter 
must not have any kink in its course; it is necessary to avoid causation 
of any adhesion, any band or any possibility of occurrence of cicatricial 
stenosis; thus an attempt must be made to create a stoma sufficiently 
wide and supple. Any mechanical obstacle inevitably produces dilation 
of the urinary tree above the site of such an obstacle. It is necessary, 
therefore, to avoid all obstacles to the ureteral tract. Infection of the 
urinary excretory ducts is the great hazard of this particular type of 


. 22. Gouverneur, R.: Technique et résultats éliognés des transplantations de 
uretere, Internat. Soc. Urol., Rep. (pt. 1) 7:373-451, 1939 
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reconstructive operation. Results will be essentially different according 
to the condition of the urinary tract and the walls of the ureter, partic- 
ularly in the presence of ureteral infection and sclerosis with or without 
periureteritis. 


In the performance of ureterocystoneostomy, the extraperitoneal 


approach is used by only a few surgeons; the transvesical approach is 
used for tumors of the bladder which make a large cystectomy necessary, 
and the transperitoneal approach is ordinarily used. In addition to these 
advantages, ureterocystoneostomy has the advantage that when it is 
employed, median laparotomy, usually already made, can be utilized, 
especially when a gynecologic operation is to be undertaken for a con- 
dition which is aggravated by a portion of a ureter. 

Of the suturing procedures used, two seem to be the best. Richard's 
procedure is characterized by turning up the ureteral mucosa like the 
sleeve of a coat. Payne’s procedure is simpler; it splits the ureteral end 
into two equal halves, which are fixed to the wall of the bladder. Gouver- 
neur’s ** procedure is derived from the Payne-Marion technic; it has an 
advantage in that it permits the making of an oblique incision in the wall 
of the bladder, renders it unnecessary to place any suture in the ureteral 
mucosa, does not constrict the new orifice and does not require placing 
of an indwelling catheter in the ureter if no complications are present. 

In the matter of indications for general surgical procedures, two 
different factors are to be considered. First, if recent section of the 
ureter has occurred, such as sometimes happens during total or simple 
hysterectomy or panhysterectomy, ureterocystoneostomy is the ideal 
method of reimplantation of the ureter in the bladder. Second, if ureteral 
fistula is the condition to be attacked, the decision is governed by the 
possible presence of infection of the urinary tract and the functional value 
of the kidneys. 

In urologic surgical procedures, two different factors likewise must 
be recognized. First, if a congenital malformation or a ureteral stricture 
is present, reimplantation always should be done, and nephrectomy 1s 
necessary only in case of failure. Second, if cystectomy is to be done 
for cancer of the bladder, the selection of a procedure is dominated by the 
condition of the patient and the degree of progress of the cancer. Ii 
the tumor is small and the patient is strong, it is proper to try reimplan- 
tation ; if the patient is too weak, it is better to do a rapid nephrectomy. 
because the immediate operative prognosis of reimplantation is mor 
serious than that of rapid nephrectomy. 


Gouverneur ** has collected 156 cases and has retained only those 1! 


which a satisfactory postoperative functional examination was recorded: 


that is, examination by use of the cystoscope, examination by uretera! 
catheterization and ureteropyelographic examination. He found that 
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ood late results were obtained in 40 per cent of 30 cases in which reim- 
plantation was done for ureterovaginal fistula and in 60 per cent of cases 
in which immediate repair of sections of the ureter was done. Bad 
results are still numerous ; infection of the urinary tract is one of the main 
reasons for this, as is stricture of the orifice. Every suture in an infected 
region is in fact a producing agent of sclerosis. 

In discussion of ureterointestinal implantation it is necessary to study 
successively (1) the physiologic aspects of the ureter and of the ureter- 
ovesical segment, (2) the pathologic physiology of the new intestinal 
nastomosis of the ureter and (3) the results of operations, prognosis and 
surgical indications. 

As to the first consideration (physiologic aspects of the ureter and 
i the ureterovesical segment), it should be remembered that urinary 
excretion depends on the integrity of two functions: contractions of the 
ureter and protection of the ureter against vesical backflow. Ureteral 
contraction can be produced in a normal way only if the vessels and 
nerves of the urinary tract are unimpaired; these vessels and nerves 
originate from various levels and are contained in the periureteral sheath. 
\ny stripping of the ureter will disturb the nutrition of the ureter and, 
above all, disturbs its innervation. Protection of the ureter against 
vesical backflow is assured essentially by contraction of muscular fibers 
of the bladder itself, which surround the orifices of the ureter. 


\s to the second consideration mentioned (pathologic physiology of 


the ureterointestinal anastomosis ), functioning of the anastomosis depends 


on two factors: (1) functioning of the cut and transplanted ureter on one 
side and (2) protection of this ureter against intestinal contraction on 
the other side. Cutting of the ureter and mobilization of it may disturb 
ureteral function, which has been well studied by Gouverneur; ** it 
happens, in fact, that modifications of ureteral peristalsis at the level of 
e traumatized point may create a true dynamic obstacle. Protection of 
€ ureter against intestinal backflow has been investigated by means of 
various technical procedures, which Gouverneur ** classified into three 
groups according to their physiologic purposes: (1) direct uretero 
ntestinal anastomosis, (2) anastomosis with muscularization of the 
ureter and (3) anastomosis with valves, whether done with the uretero 
esical normal (conserved) valve or with valves formed by an artificial 
technical procedure. 
in Gouverneur’s ** opinion, direct ureterointestinal anastomosis 
chieved by suture or by mechanical means is doomed to failure, because 
iter such a procedure the ureter becomes an intestinal diverticulum and 
have regurgitation into it with every increase of pressure ; ascending 
is likely to be fatal. 
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In anastomosis with muscularization of the ureter by a technic derived 
from Witzel’s procedure, a muscular duct is formed by suture of the 
intestinal wall above the ureter. Gouverneur ** wrote that this procedure 
functions not by valvular action but by muscular constriction. At the 
moment of intestinal contraction the ureter is compressed in its juxta- 
intestinal tract, and intestinal backflow is thereby prevented. 

Anastomosis with the ureteral valve is widely emploved. Certain 
surgeons have retained the normal ureteral valve and have reimplanted 
it into the intestine. 

Gouverneur ** expressed the belief that the best known operation for 
creation of a mucous valve is Coffey’s procedure, which has undergone 
innumerable modifications. According to Coffey, Gouverneur ** said, 
the valve after the operation would act automatically. But study of 
operative procedures, Gouverneur ** contended, proves that what occurs 
aftet Coffey’s operation actually is muscularization of the ureter, whic! 
is grasped in a muscular buttonhole. 

To be able to report on his third major consideration (results, prog- 
nosis and surgical indications), Gouverneur ** studied remote results o/ 
implantation in the tréatment of vesical exstrophy, complete epispadias 
vesicovaginal fistula and ureterovaginal fistula and also the results oi 
ureteral implantation in the preparation of patients for total cystectom 
made necessary by vesical and ureterovesical cancers, either primary o1 
metastatic. 

Published cases of vesical exstrophy are not numerous; in 66 cases 
in which remote results were known, 75 per cent of the patients wer 
followed for more than five years, and half were followed for more thai 
ten years. Successful results of twenty and even thirty years’ duratio 
were recorded. Persons who have been operated on have been able to 
marry, and women have been able to undergo one or several pregnancies 
with normal delivery. 

In the case of vesicovaginal fistula results are not numerous, becaust 
treatment of this condition by ureteral implantation is used only wher 
the condition is very severe, with extensive vesicoureteral destruction 
Of 24 patients who were followed, 10 obtained successful results whic! 
endured for more than three years. 

In the case of vesical and ureterovesical cancer, ureteral implantation 
has permitted total cystectomy. Of 33 patients who were followed, 12 
obtained successful results which lasted for more than two years. Deat! 
usually was caused by metastasis or local recurrence. 


Surgical technic in ureteral implantation is of great importance, and 
it is necessary to have recourse to a procedure which is accompanied by 
a low immediate mortality rate. Coffey’s technic, according to Gouver 
neur,?? is by far the least severe of procedures. It was accompanied 
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by a mortality rate of 4 per cent in a series of 25 cases, and in a second 
series of cases there were no deaths. The procedures called “no. 1” and 
“no. 2,” according to Gouverneur ** are the best. The urologic surgeon, 
Gouverneur *? concluded, must not forget the extreme importance of 
preoperative and postoperative care. He added that the difficulty of 
such operations as he mentioned requires much experience on the part 
of the surgeon. 

After successful ureterointestinal implantation, urinary continence 
venerally should be perfect. If some slight quantity of urine happens to 
remain in the colon after this operation, it will not initiate either local 
lesions or general disturbances. 

Van Cappellen,** in discussing the technic of, and end results achieved 
by, transplantation of ureters, stated that urologists today are much 
farther advanced in knowledge of this field than in the days when Maydl 
first performed the ureteral operation that bears his name; on the other 
hand, urologists in general may not be satisfied with the results that 
have been obtained from ureteral transplantation to the time of writing 


(1939). The operative mortality rate accompanying this procedure is 
igh (20 to 50 per cent), and the end results are not satisfactory. 
Besides, in many cases infection or obstruction (often combined) spoils 


} 


the attempt to get good results. 

After careful study of the literature and of his own 8 cases, Van 
Cappellen ** discussed a method (the Van der Ven operation) which, 
to his knowledge, has not been used before except by Van der Ven in 
experiments and by Van Cappellen ** himself in a clinical case. Van der 
Ven discovered that in using the Witzel principle for embedding the 
ureter in the wall of the bowel and by adding to it his own method of 
treating the stump of the ureter he obtained remarkably good results 
in dogs. He pointed out that most investigators know how easily a 
dog may become susceptible to infection and how much more difficult 
the operation is because of the smallness of the canine ureter. In the 
human being the operation can be done with more ease and security than 
in the dog. 

Van der Ven turned the end of the stump of the ureter inside out 
and anchored this end in the bowel, taking care that the edges of the 
pening in the bowel and those of the stump came into close contact. 
\fter some weeks the result was an ideal opening of the ureter, which 
opening was elevated as a papilla above the mucosa of the bowel. This 
is in sharp contrast to the condition of the mouths of ureters when ureters 
have been transplanted in other ways; they then appear as more or less 
deep dimples in the mucosa. Necrosis and compression of the stump 
:. 23. Van Cappellen, D.: Technic and End-Results of the Transplantation of 
Lreters, Internat. Soc. Urol., Rep. (pt. 1) 7:452-463, 1939. 
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did not develop aiter Van der Ven’s operation, and dilatation and injec- 
tion of the ureter and kidney, complications so greatly feared afte; 
ordinary methods of transplantation, did not occur. 

Morson and Graham ** stated that transplantation of ureters jnto 
the large bowel has become in recent years a recognized and justifiabk 
surgical procedure. The most striking feature concerning immediate 
results in the series of cases reported by Morson and Graham ** js the 
fact that no deaths occurred among patients not suffering from malig- 
nant processes, whereas the mortality rate for patients suffering from 
cancer was extremely high. The most careful preoperative preparation 
is essential if urinary infection is to be avoided. It is the practice t 
give a colonic “washout” each day for ten days; on the first and sixth 
of the days during this period an aperient agent is prescribed, so that 
the whole of the large bowel may be emptied. As a _ prophylactic 
measure against pyelonephritis, sulfanilamide in doses of 7% grains 
(approximately 0.47 Gm.) is administered three times daily for fow 
days immediately prior to the operation. 

General anesthesia was employed in all cases in the series reported 
by Morson and Graham.** With the patient in the extreme Trendelen 
burg position, the abdomen was opened, and the incision was made fron 
the umbilicus to the pubes; the pouch of Douglas (in the female) or the 
rectovesical pouch (in the male) was cleared of small intestine and 
transverse colon. An incision was made in the peritoneum along the 
line of the ureter from a point below the sacroiliac joint to the base 
of the bladder. The ureter was easily recognized by the presence 0! 
small vessels lying on its surface. The pelvic portion of the duct was 
then freed from the bed of cellular tissue in which it lay to the point at 
which it entered the wall of the bladder. Before the ureter was divided 
as it entered the wall of the bladder, a special clamp was placed an tne! 
or two (2.5 to 5 cm.) above the point of division to prevent soiling 0 
the peritoneum by urine. A Souttar needle was then passed throug! 
the proximal end of the ureter, and a portion of the ureteral wall was 
tied with catgut. Ligation of the distal stump followed, together wit! 
sewing of the peritoneum over the bed of the duct. The authors state: 
that insertion of the ureter into the pelvic part of the colon must b 
carried out with meticulous care, for it is in this part of the operatiot 
that an error in technic may produce fatal complications. That part 
of the pelvic portion of the colon which is chosen for the site of trans 
plantation should be as near the promontory of the sacrum as possible 


24. Morson, C., and Graham, W. H.: Transplantation of the Ureters int 
Large Bowel and Its Effect upon the Kidneys, Brit. J. Surg. 27:540-552 
1940 
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‘t should be, roughly, where the bowel would lie with the patient in the 
erect position ; thus the danger of kinking of the ureter will not arise 
and a minimum of tension will exist. 

The technic of transplantation employed was that recommended by 
Wade. with certain slight differences, which were that the Mayo stitch 
was not used and that on the left side the ureter was not passed through 
a hole in the mesentary before it was inserted into the colon. A catheter 
vas not inserted into the ureter. An incision about 2 inches (5 cm.) 
long was made in the peritoneal coat of the bowel, and the peritoneum 
on either side of it was separated from the muscle layer. It was neces- 
sary to maintain the colon in stretch while this was being done. A stab 
incision was made in the muscular coat and mucous membrane at the 
distal end of the 2 inch (5 cm.) incision, and through this the ureter, 
together with a Souttar needle, was passed into the lumen of the bowel. 
About an inch (2.5 cm.) of the duct was pulled into the bowel before 
it was fixed with the aid of the Souttar needle; this was considered 
important. The needle was brought out through all the coats, and 
the catgut suture was then tied. The surgeon then proceeded to bury 
the ureter beneath the peritoneal coat of the large intestine. He applied 
two lines of sutures to insure that there should be neither leakage of 
urine nor alteration in the desired position of the ureter. He trans- 
planted both ureters at the same operation. It was also the custom to 
drain the pouch of Douglas (or the rectovesical pouch, as the case might 
be) for two or three days by means of a small rubber tube. The 
abdominal wound was closed in the usual way. Before the patient was 
returned to bed a tube was passed about 3 inches (about 7.5 cm.) into 
the rectum and was fixed to the thigh. 

Little reaction or shock was encountered in any of the cases of 
Morson and Graham.** As a rule urine did not drain from the rectal 
tube until about thirty-six hours after operation; this, they wrote, is 
due to mechanical obstruction at the site of anastomosis. At the end 
of thirty-six hours urine was excreted rapidly and in increasing volume. 
\fter the first five days convalescence was apyrexial. Several patients 
on removal of the rectal tube immediately had complete control. In 
the others it developed in from twenty-four to forty-eight hours. Since 
1936, 13 patients have undergone transplantation of ureters into the 
pelvic portion of the colon. Of these, 5 died, 4 of whom had malignant 
disease of the bladder and 1 of whom had secondary invasion of the 
trigon, the primary lesion being in the cervix. Thus, it will be noted, 
as has been stated, that it was only patients who had cancer who suc- 
cumbed to the effects of the operation. The most striking case of all 
the series of Morson and Graham ** was one in which a woman had 
complete procidentia, carcinomatous ulcers of the vagina and a bladder 
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full of stones. The malignant ulcers of the vagina had caused numerous 
hemorrhages, and it was the opinion of Morson and Graham that death 
would have been inevitable had not the patient undergone ureteral 
transplantation. 

Stone.—Mayers ** reported a case in which a giant ureteral calculus 
weighed 286 Gm. and measured 11 by 5.5 by 5 cm. This is the largest 
ureteral calculus reported in the literature. In Mayers’ case anomalies 
of the urinary tract were present. They consisted chiefly of complete 
duplication of the right kidney and ureter and dilatation of all three 
ureters. There was also an anomaly of the sacrum and coccyx. Surgical 
intervention also was necessary for a calculus in the ureter on the opposite 
side; this calculus had descended from the kidney after surgical treat- 
ment for the giant calculus. 

Ureterostomy.—Keyes ** reported 6 cases in which cutaneous ureter- 
ostomy was done for tuberculosis. The operations of nephrectomy and 
contralateral ureterostomy were once performed simultaneously ; ureter- 
ostomy preceded nephrectomy once and followed it 4 times. There were 
no postoperative deaths. There were, at the time of writing, no indica- 
tions of the presence of tuberculosis in the kidneys or ureters of 3 
patients since ureterostomy. Except for 1 patient, who needed meatot- 
omy, these patients had had no treatment during a postoperative interval 
of three to nineteen years at the time Keyes *° reported. Two of them 
were maintaining themselves dry by night as well as by day. One had 
married since ureterostomy, and another had given birth to a child 
Three patients, who had tuberculosis in the surviving kidney, had t 
wear an. indwelling ureteral catheter. Two patients who were followed 
had phosphatic stone within three years of ureterostomy. The progress 
of tuberculosis of the kidney was slow, Keyes *° wrote, and other tuber 
culous lesions improved or healed. One patient had been alive thirteen 
years after ureterostomy at the time Keyes reported. 

25. Mayers, M. M.: A Giant Ureteral Calculus (Weight: 286 Grams), J. Urol 
:47-53 (July) 1940. 

26. Keyes, E. L.: Cutaneous Ureterostomy for the Relief of Intractabl 
Bladder Tuberculosis, J. Urol. 44:40-46 (July) 1940 
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